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ABSTRACT
Winter nutrient concentrations in the western Irish
Sea have been monitored annually from 1990 to
2000. Surface samples have been taken between
Dundalk Bay and Carnsore Point and analysed for
total oxidised nitrogen (TOxN), ortho-phosphate
(ortho-P), silicate and salinity. More recently
monitoring has been extended into the Celtic Sea.
Data from this monitoring pro ramme are presented
in detail, along with comparisons to existing data
sets.
The spatial distribution of nutrients and salinity are
presented for each year in contour or classed plots
(depending on sample coverage for the particular
year).  Salinity values were representative of those
expected in the Irish Sea and TOxN, ortho-P and
silicate values were in general agreement with
previous studies.
A short summary of studies on nutrient levels in
estuaries on the western Irish Sea is presented.  In
addition, riverine input data supplied by the
Environmental Protection Agency (EPA) is used to
evaluate the relative magnitude of nutrient inputs
from riverine and oceanic sources.
Nutrient concentrations are considered using an
ecological quality objectives (EcoQOs) approach,
proposed as part of the Oslo Paris Convention’s
(OSPAR) ‘Common Procedure for Identification of
the Eutrophication Status of the Maritime Area’, in
partial consideration of the trophic status of the
western Irish Sea.
Although there is evidence for nutrient enrichment
in some estuarine waters and possibly to a lesser
xtent in some coastal waters, there is little
evidence for generally elevated nutrient levels in
coastal and offshore waters in the western Irish Sea.
Salinity regression curves were calculated for
TOxN and ortho-P values in order to generate
salinity-normalised concentrations for trend
determinations.  Regression and trend analysis were
carried out on the sample area as a whole and also
on regions defining the north, mid, and south
we tern Irish Sea.
Trend analysis has been performed, based on
nutrient-salinity regressions, using Trend-Y-ector.
A decrease in TOxN over the study period (ranging
from 4 to13%) is observed in all regions analySed
with the exception of the south west Irish Sea,
where a 5% increase was indicated. Analysis of
tre ds in ortho-P concentration showing decreasing
trends ranging from 20 to 33%.  On visual
examination, trends in TOxN are not as intuitively
apparent as trends in ortho-P concentrations,
therefore it may not be prudent to draw conclusions
from them at this stage.  Trend analysis of riverine
inputs shows an increase in TOxN by 17% and no
apparent trend in ortho-P levels.  These trends are
not consistent with trends observed in the Irish Sea.
O  the basis of this assessment, it is recommended
that this monitoring be continued. The design of
future nutrient monitoring surveys is considered,
with a view to improving the efficacy of the
monitoring regime.
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INTRODUCTION
EU member states have been measuring winter
nutrient concentration in marine waters for some
time now as an indicator of t ophic status. It has
been a fundamental part of the Joint Assessment
and Monitoring Programme (JAMP) of the 1992
'Oslo Paris Convention for the Protection of the
North East Atlantic’ (OSPAR) and looks set to be a
key component of marine monitoring under the
Water Framework Directive (Council Directive
2000/60/EC). In 1990, the first coordinated nutrient
sampling programme was carried out in the Irish
Sea by a number of collaborating laboratories from
Ireland, including the then Fisheries Research
Centre (now incorporated into the Marine Institute),
and the UK (Gillooly et al., 1992).
The Marine Institute has continued to sample
winter nutrients in the western Irish Sea annually
since 1990 and the monitoring p ogramme has
evolved over the years in order to investigate spatial
and temporal trends. Surface samples (from
approximately 3 metres depth) have been taken
from the area between Du dalk Bay and Carnsore
Point between 1990 and 2000.  These have been
analysed for total oxidized nitrogen (TOxN: NO2 +
NO3), nitrite, molybdate reactive phosphorus
(hereafter referred to as ortho-phosphate or ortho-P)
and silicate as well as salinity and temperature. As a
result of this activity, a national database has been
s ablished which contains the complete data set for
each annual survey.
Recently, the winter nutrient monitoring
programme has been incorporated into the Irish
Marine Monitoring Programme which is designed
to fulfil Ireland's national, EU and OSPAR
monitoring requirements (McGovern, 1998) and
monitoring has been extended into the Celtic Sea to
the west of Waterford Harbour.
Hydrography and Coastal Geography
The Irish Sea is a semi-enclosed sea area opening
northwards to the Atlantic Ocean, through the
North Channel and southwards, through St.
George’s Channel, to the Celtic Sea.  The
topography of the western and eastern Irish Sea
differ greatly; the western Irish Sea consists of a
deep trough  (80 to more than 275 metres deep)
running the length of the Irish Sea between St
George’s Channel and the North Channel.  In
contrast, the eastern Irish Sea is made up of two
sh llow embayments, Cardigan Bay and the Eastern
Irish Sea, both less than 50 metres deep (Dickson
Figure 1.  Bathymetery and water circulation patterns of the Irish Sea (adapted from Dickson
and Boelens, 1988, courtesy of ICES).
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and Boelens, 1988). Figure 1 shows the bathymetry
and water currents of the Irish Sea and Figure 2
presents Ireland's eastern coastal geography.
Although stratification may occur in the Irish Sea
(as a result of summer heating at the sea surface and
through inputs of fresh water), tides are sufficiently
energetic in most areas to mix the density deficit
and create a vertically homogeneous water column
through the year. An exception to this occurs to the
west of the Isle of Man where, due to deeper water
and weak tides, seasonal stratification develops.
This forms bottom fronts that drive strong and
narrow currents in an anti-clockwise gyre around a
dome shaped pool of cold, dense water resulting in
a southerly flow along the Irish coast (H rsburgh et
al. 2000). However, this thermocline generally
breaks down during the winter months and a mean
weak northerly flow resumes (Boelens et al. 1999,
OSPAR 2000).  Seasonal tidal mixing fronts also
develop in the St. George’s Channel, at the
boundary between the Celtic and Irish seas.
A comprehensive description of the Irish Sea in
terms of its physical oceanography, pollution status
and resource potential can be found in the Irish Sea
Study Group Report (ISSG, 1990), the Quality
Status Report for Region III (OSPAR 2000) and in
Boelens et al. (1999).
Sources of Nutrients
Nutrient inputs to the Irish Sea are numerous. In
terms of quantity by far the largest input results
from the flow of large volumes of water through St.
George’s Channel from the Celtic Sea. Although
the actual concentrations of nutrients in this water
are low, it is estimated that in excess of 100 million
tonnes of nitrogen and 28 million tonnes of
phosphorous enter the Irish Sea through this route
each year (ISSG, 1990).  This input, however, is
largely balanced by similar outflows to the north.
Other nutrient inputs from atmospheric deposition,
rivers and waste disposal are summarised in Table
1.
Nitrogen Phosphorous
Atmospheric 43,000 2,000
Riverine 76,400 6,120
Domestic 10,700 1,900
Industrial 2,640 16,260
Sludge 3,840 720
Table 1. Nutrient inputs (tonnes/year) to the Irish Sea
(ISSG, 1990)
Although relatively small in terms of total load,
concentrations of nutrients from land based
activities such as agriculture, industry and
urbanisation are concentrated at certain locations,
around which nutrient levels can be elevated.  The
main human activities that result in anthropogenic
ni rogen and phosphorous loads to the western Irish
Sea are agriculture, as well as domestic and
industrial waste disposal.  Sources for these inputs
include rivers and estuaries, urban/industrial areas,
ports and harbours and sewage treatment works.
Municipal outfalls and corresponding population
equivalents are shown in Figure 3.
Input in
Kt
Eastern
Irish Sea
Western
Irish Sea
NO3-N 35.1 31.7
NH4-N 6.3 1.38
PO4-P 2.8 0.37
total N 44.9 39.6
total P 3.1 0.88
Outside of the oceanic contribution through St.
George's Channel, rivers are the largest source of
nutrients to the Irish Sea.  This input is heavily
dependent on river flow rates and thus typically the
Table 2.  Riverine inputs (1996) to the Irish
Sea.  Eastern values have been taken from
OSPAR's Quality Status Report for Region III
(OSPAR 2000) and western values have been
obtained from the Irish EPA.
-7.00 -6.60 -6.20 -5.80 -5.40 -5.00
52.00
52.40
52.80
53.20
53.60
54.00
54.40
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Figure 2.  Ireland's east coast
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Figure 3. Municipal outfalls to tidal waters and corresponding population equivalents (domestic and industrial)
served.  Smaller outfalls (< 2000 p.e.) are not included. (Boelens et al. 1999, Data modified from O’Leary et al.
1997).
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majority of the input occurs in winter.  Table 2
presents estimates of the riv rine input
concentrations for nitrogen and phosphorus to the
eastern and western Irish Sea.
Eutrophication
Under the OSPAR convention, eutrophication is
defined as:
"The enrichment of water by nutrients causing
an accelerated growth of algae and higher
forms of plant life to produce an undesirable
disturbance to the balance of organisms
present in the water and to the quality of the
water concerned, and therefore refers to the
undesirable effects resulting from
anthropogenic enrichment by nutrients."
           -(OSPAR 2000)
Eutrophication may occur in the coastal zone and
effects include increased production of
phytoplankton and macroalgae, deoxygenation of
the water column, and changes in composition of
species (including indirect impacts on ecological
health as a result of enhanced primary production)
(OSPAR 2000b). Eutrophication may have the
potential to trigger algal blooms and of particular
concern is the potential to increase harmful algal
production.
OSPAR has developed a strategy to combat
eutrophication in the northeast Atlantic (OSPAR
1998). The objective of this strategy is to achieve,
by 2010, a healthy marine environment where
eutrophication does not occur. Key to this is the
'Common Procedure for the Identification of the
Eutrophication Status of the Maritime Area’ of the
OSPAR Convention.
To enable harmonised assessment of the
eutrophication status of the OSPAR convention
area, a range of qualitative and quantitative
Ecological Quality Objectives, or Ec QOs, have
been proposed. These EcoQOs will be discussed
later in the section dealing with eutrophication
assessment in the western Irish Sea.  The main
McGovern et al.: Winter Nutrient Monitoring of the Western Irish Sea – 1990 to 2000
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interrelationships between the assessment
parameters and the categories into which they fall
are shown in Figure 4.
Based on the results of an initial screening
procedure, water bodies are classified as a problem,
non-problem and or potential problem area, with
the ultimate aim of classing all water bodies into
problem or non-problem categories (OSPAR
00/9/5).
NUTRIENT INPUTS
SUPPORTING
ENVIRONMENTAL FACTORS
physical and hydrodynamic
aspects, and climatic/weather
conditions (e.g. flushing, wind,
temperature, light availability),
TRANSBOUNDARY
TRANSPORTINCREASED (WINTER) DIN
& DIP CONCENTRATIONS &
NUTRIENT RATIOS
TRANSBOUNDARY
NUTRIENT FLUXES
increase in primary
production
increase in
turbidity
nuisance / toxic
algal species (cell
concentration)
increase in
phytoplankton
biomass (chl-a)
organic
matter
degree of oxygen
deficiency
(during growing season)
shift from long-lived to short-lived
nuisance macrophyte species and
reduced depth distribution
foam
macrophytobenthos biomass
and primary production
decrease in
light regime
toxins
increase bacteria
zoobenthos / fish kills &
benthic community structure
Ecosystem structure
(+)
  (+)
(+)
  (-)
(+)
(+)
 (+)
  (+)(+)
  (+)
 (+)
(+)
II
(+) (+)
 (-)  (-)
II
I
I
III III
II
IIIIV
I
 (-)
(-)
Figure 4.  Main Interrelationships between the Assessment Parameters (in bold) of the OSPAR Comprehensive Procedure
(COMPP). Parameters for which Assessment Criteria and their assessment levels are identified are shown in boxes with bold
lines. Biological elements are shaded. Continuous arrow lines with (+) and (-) indicate ‘having stimulating effect upon’, and
‘having inhibiting effect upon’, respectively. Dashed arrow lines indicate ‘having influence upon’.
Key: I= Category I. Degree of Nutrient Enrichment (Causative factors)
II= Category II. Direct Effects of Nutrient Enrichment
III= Category III. Indirect Effects of Nutrient Enrichment
IV= Category IV. Other Possible Effects of Nutrient Enrichment       (Source: OSPAR 2001)
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MATERIALS AND METHODS
Annual winter nutrient surveys were carried out on
board the Research Vessels Lough Beltra and Celtic
Voyager between late November and early
February from 1990 to 2000.  The study area
extended approximately between Carlingford
Lough and Waterford Harbour.  The locations from
which samples were collected during each year’s
survey are shown in Appendix 1 (Figure 13a-c).
Between 1990 and 1996 these positions were
largely dependent on the prevailing weather
conditions. After 1997, with the commissioning of
the purpose built research vessel RV Celtic
Voyager, a more systematic sampling regime was
possible.
RV Lough Beltra (1990-1997)
Surface seawater samples were collected from a
depth of 2 to 3 metres using either a clean seawater
supply with an intake mounted on the ship’s bow
2.5m below the waterline or Hydrobios 1.5l sample
bottles.  Both sampling methods were used at
regular intervals in order to determine whether
there was a significant difference between the two
sources. All samples for nutrient analysis were
filtered using disposable 0.45mm cellulose acetate
filters (Sartorius, minisart syringe filters). Samples
were preserved using mercuric chloride (20mg ml-1)
(Kirkwood 1994) and stored in the dark at 4OC until
analysis. Analysis was undertaken on board the
research vessel if the weather conditions were
favourable. Alternatively, the samples were
returned to the laboratory for subsequent analysis.
TOxN, ortho-P and silicate were analysed using a
T chnicon AA II Auto Analyser based on the
methods described by Kirkwood (1989). Discrete
salinity samples were analysed using a Guildline
Portasal 8410 inductively coupled salinometer.  In
1994 and 1995, vertical profiles of conductivity and
temperature were recorded at a select number of
sampling stations using a Seabird SBE -19 CTD
system.
RV Celtic Voyager (1998-2000)
Surface seawater samples were collected from each
station at a depth of 2 to 3 metres using the on
board peristaltic pumping system.  Hydrobios 1.5l
sample bottles were used to collect additional water
samples at approximately 20 stations for
comparison with the on-board pumping system. All
surface seawater samples for nutrient analysis were
filtered using disposable 0.45mm cellulose acetate
filters (Sartorius, minisart syringe filters) and
preserved by freezing. Additional filtered samples
were collected at each of the Hydrobios stations
using the on board pumping system, preserved with
mercuric chloride (20mg ml-1), and refrigerated
(Kirkwood 1994) in order to compare the two
preservation procedures. The samples were returned
to the laboratory for subsequent analysis.
TOxN, ortho-P and silicate were analysed using a
Bran and Leubbe TRAACS 800 autoanalyser (Bran
and Leubbe, 1991a, 1991b, and 1991c). Discrete
salinity samples were analysed using a Guildline
Portasal 8410 inductively coupled sa inometer.
During the 99/00 survey, vertical profiles of
conductivity and temperature were recorded at a
number of sampling stations using a Seabird SBE -
911 CTD system to determine the degree of water
column stratification.
Data analysis
All data were manipulated using Microsoft Excel.
Data were stored in custom-built databases using
either dBase (1990 – 1997) or Microsoft Access
(1997 – 2000). Statistical analysis was carried out
using Microsoft Excel, SPSS 90, or
STATGRAPHICS Plus.
Trend analysis was undertaken using Trend-Y-
Tector version 2. Trend-Y-Tector is a method
developed within OSPAR and the International
Council for the Exploration of the Sea (ICES)
working groups to statistically detect and estimate
trends in annual monitoring data (Akhi t et al.
2000). Positional data was collected by onboard
GPS and contour plot construction generated using
Surfer (Golden Software versions 6.01 and 7.0)
surface mapping software.
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Quality Assurance and Analytical Performance
Throughout the Winter Nutrients Monitoring
Programme, regular quality assurance checks were
performed. These included the analysis of reference
materials supplied by the NORSAP project
(Gillooly et al., 1992) and QUASIMEME (Quality
Assurance of Information in Marine Environmental
Monitoring). The Marine Institute laboratory has
participated in the QUASIMEME quality assurance
programme since 1993. This programme involves
analysing unknown samples and submitting the
results for assessment.
In each exercise determinations are carried out on a
number of ‘estuarine’ and ‘seawater’ samples. A |z|
score is calculated based on an allowable constant
and proportional error.  Typically, for nutrient
analysis, a |Z| score of 2 equates to a 12% bias (|Z|
< 2 is considered a satisfactory performance,
2<|z|<3 is considered questionable and |Z| > 3
considered unsatisfactory).  Summary statistics for
the performance of the Marine Institute in
QUASIMEME exercises during the 1993-2000
time period are shown in Table 3.
The results of the QUASIMEME proficiency tests
show that a high level of confidence can be placed
on the nutrient analysis results. All values are
within a |z| score of 2 (85 % of the determined
values have a |z| score of £ 1) with the exception of
one ortho-P result in 1996 (|z| score = -6.84), one
TOxN result in 1998 (|z| score = -4.20) and one
extreme value for silicate in 1996 (11.40). Table 3
also presents rescaled Z (RSZ) scores; a tool used
to assess bias in laboratory proficiency testing and
calculated as Ó (x)i/Ön. If the single extreme outliers
are excluded for each determinant, the RSZ and the
standard deviations (SD) indicate low bias and high
precision over the course of this monitoring
programme.
TOxN
orthi-
Phosphate Silicate
%|z|<1 84.6 84.6 83.3
%|z|<2 96.2 96.2 83.3
%|z|>3 3.8 3.8 8.3
%|z|<3 96.2 96.2 91.7
median -0.07 -0.33 0.03
RSZ -1.06 -2.67 2.53
SD 0.99 1.41. 3.42
n 26 26 12
RSZ excluding
single outlier
-0.24
(outlier 1996)
-1.13
(outlier 1998)
-0.80
(outlier 1996)
SD excluding
single outlier
0.57 0.57 0.67
Years
participated
93, 94, 95,
96, 99, 00
93, 94, 95,
96, 99, 00
96, 99, 00
Table 3: Summary statistics of results of the
QUASIMEME proficiency tests.  |Z| scores prior to 1996
are recalculated using constant and proportional errors to
be consistent with the assessment procedure used by
QUASIMEME from 1996 onwards
The Marine Institute also participated in the
QUASH (Quality Assurance of Sampling and
Sampling Handling) programme. This examined the
quality assurance of sampling procedures and
storage of seawater samples prior to nutrient
analysis. A practical analysis of sampling and
preservation methodologies used in European
monitoring programmes was carried out at a
workshop in Tenerife in 1997 (Carlberg et al.
1998). This indicated that, while analysis is
recommended as soon as possible after sampling,
both freezing and mercuric chloride preservation
are appropriate preservation techniques. While
ammonia was not a parameter measured during this
study, it should be pointed out that mercuric
chloride is not a suitable preservation method for
this nutrient.
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RESULTS AND DISCUSSION
Over the period 1990 to 2000 seawater samples
were collected for nutrient analysis from between
26 and 211 locations on an annual basis. Plots
showing the coverage of each annual cruise are
presented in Figures 13a to c (Appendix 1). During
the first survey carried out in the winter period of
90/91 for the NORSAP programme, good coverage
of the study area was achieved, although a
systematic sampling procedure was not undertaken
(Gillooly et al., 1992). For the following 5 years,
coverage was seriously restricted due to adverse
weather conditions.
From 96/97 until 99/00, with the commissioning of
the purpose built research vessel RV Celtic
Voyager, a more systematic sampling regime was
initiated with samples collected from similar
locations (or sampling stations) each year. This
development of a more systematic sampling regime
with fixed sampling stations has greatly improved
the comparability of the data collected. The
locations of the current sampling stations are now
incorporated into the Irish Marine Monitoring
Programme (McGovern, 1998), currently under
review.
In accordance with OSPAR requirements, samples
were collected during the winter period when
biological nutrient uptake is at a minimum and
therefore the levels of remineralised nutrients are
high.  The vertical conductivity and temperature
profiles recorded during the 93/94, 94/95, and
99/00 surveys, at up to 22 stations covering the
entire study area, showed that the majority of the
Irish Sea was well mixed vertically during the
survey periods.  Exceptions to this were observed in
the northwest Irish Sea and the area extending east
from Dublin Bay (see Figure 5).
While the hydrography of the northwest Irish Sea
has been extensively studied in the spring, summer,
and autumn (Gowen et al., 1995; Simpson, 1974;
Slinn, 1974), little information exists about its
behavior in winter.  Slinn (1974) observed the
existence of periodic stratification, with colder and
fr her water on the surface, during winter.  He
carried out nutrient sampling of differing water
column depths and found an inverse relationship
between salinity and nutrients.  This is consistent
with riverine water that has not been fully mixed
into the water column since freshwater runoff not
only lowers the salinity but also contributes
substantial amounts of nutrients.
Salinity normalisation has been applied to all
samples for trend analysis and this should help to
minimise the effects of stratification on the
calculation of trends in nutrient concentrations.
However, given the occurrence of periodic
stratification, it is proposed to adapt future
monitoring protocols to examine depth integrated
nutrient samples (see conclusions and
recommendations section).
Spatial Distribution of Nutrients in the Western Irish Sea
Contour and classed post plots showing the
concentration of TOxN, ortho-P and silicate are
shown in Figures 14a to j (Appendix 2). The use of
contour plots on regularly spread sample data is a
useful tool for visualising spatial distributions.
However, contour construction from irregularly
spread data sets can be misleading, as the contour
pattern may not accurately represent the actual
sample data. Care needs to be taken to avoid
‘artifacts’.  Therefore, where a lack of sufficient
data points was evident (e.g. 91/92, 92/93, 93/94
and 94/95) classed post plots were used to represent
the data.
Examination of the contour and classed post plots
of salinity values in the western Irish Sea for 1990
-7.00 -6.60 -6.20 -5.80 -5.40 -5.00
52.00
52.40
52.80
53.20
53.60
54.00
54.40
= 93/94
= 94/95
= 99/00
Figure 5.  Open circles represent areas where vertical
conductivity and temperature profiles were performed.  Solid
circles indicate areas where stratification was evident. (Years:
93/94, 94/95 and 99/00)
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to 2000 indicate that, as expected due to freshwater
inputs, salinity values were generally lower in near
shore environments such as Dublin Bay and the
River Liffey, Dundalk Bay, and Carlingford Lough.
The contour plots for certain years (90/91, 96/97,
98/99 and 99/00) display 'island' patterns that
indicate cells of low salinity water (<33.5).  Each of
these areas consists of a low salinity measurement
surrounded by a region of higher salinity and is
therefore not an artifact of the contouring software.
The factors influencing these patterns are not
understood but could be related to freshwater
inputs, tidal mixing or rainfall.
The mean salinity measured over the study period
in a combination of the coastal (salinity between 30
and 34.5) and offshore waters  (salinity > 34.5) was
34.19.  The NORSAP report (Gillooly et al., 1992)
showed that much of the Irish Sea had salinities of
34 or more. Gowen et al. (1995) reported median
salinity values of 34.18 in the northwest Irish Sea
and 34.27 in the southwest Irish Sea for the period
March to November. Simpson and Rippeth (1998)
presented Irish Sea nutrient information showing a
salinity in the North Channel of 34.05.
As expected, plots of surface salinity distribution
(Appendix 2) show lowest salinity values at points
of freshwater input, such as Dundalk Bay and
Dublin Bay. However, as indicated above, some
stratification may occur (with freshwater on the
surface) and therefore mapping surface salinity
measurements may exaggerate the overall
freshwater contribution to the water mass.
Offshore TOxN concentrations averaged 8 mmole
l-1 (ranging from 2 - 47 mmole.l-1) over the study
period. Coastal concentrations averaged 12 mmole.
l-1 and were generally less than 15 mmole.l-1 with
the exception of Dublin Bay and the River Liffey,
Dundalk Bay and Carlingford Lough where
concentrations reached 60 mmole.l-1.
A similar distribution is seen with regard to ortho-
P, with offshore concentrations averaging 0.5
mmole.l-1 and ranging from 0.1 – 2.4 mmole.l-1 over
the study period.  Levels were generally less than
1.0 mmole.l-1 with the exception of some estuarine
and coastal areas where concentrations reached up
to 10.0 mmole.l-1.
Elevated levels of TOxN and ortho-P in the River
Liffey, Dundalk Bay and Carlingford Lough are
likely to be related to enhanced inputs as a result of
run-off from agriculture, vehicle emissions, sewage
treatment plants and industrial activity. A map of
Ireland's eastern coast is presented in Figure 2.
Generally, the highest concentrations were evident
in these areas during monitoring years when
salinity was lowest.
Offshore silicate concentrations ranged from 0.3 -
14 mmol.l-1 with concentrations increasing
shoreward.  Coastal concentrations were generally
less than 13 mmole.l-1 with the exception of Dublin
Bay, Dundalk Bay and Carlingford Lough where
concentrations reached 20 mmole.l-1 reflecting the
influence of freshwater inputs.
In general, results obtained in this study are
representative of those expected in the Irish Sea.
Kennington, et al. (2002), using data gathered from
five distinct regions in the Irish Sea (including
Marine Institute Fisheries Research Centre data for
1990 to 1996), calculated that waters entering the
Irish Sea via the St. George’s Channel had an
average winter TOxN and ortho-P concentration of
less than 10 mmole.l-1 and less than 0.6 mmole.l-1
respectively.
NORSAP data for 1990 (Gillooly et al., 1992)
showed that open sea TOxN concentrations ranged
from 6 – 10 mmole.l-1 whilst ortho-P concentrations
were less than 1 mmole.l-1, although concentrations
in Wexford Harbour, inner Dublin Bay, Dundalk
Bay and Carlingford Lough were generally much
higher. Department of Agriculture for Northern
Ireland (DANI) data collected from 91 stations in
the north west Irish Sea during March 1992 gave
mean TOxN concentrations of 8.44 mmole.l-1 and
mean ortho-P concentrations of 0.89 mmole.l-1
(Gibson et al., 1997). Irish Sea nutrient information
presented in Simpson and Rippeth (1998) were 6.3
mmole.l-1 and 0.7 mmole.l-1 for TOxN and ortho-P,
respectively.
Nutrient Distribution in Celtic Sea/ Waterford Harbour
After the 97/98 sampling year, the survey area was
extended to the Celtic Sea south of Carnsore Point
and to the west of Waterford Ha bour. Contour
plots show the influence of the nutrient plume from
Waterford Harbour (Appendix 2, Figures 14i &
14j). Three major rivers, the Nore,Suir and Barrow,
flow into the harbour and they have a combined
total catchment of over 9000km2.   Estimated
annual riverine input budgets are 19640 and 766
tonnes total N and P respectively, with municipal
inputs relatively insignificant (Boelens et al. ,1999).
Concentrations of nutrients in Waterford Harbour
ranged from 72 – 217 mmole.l-1 TOxN and from
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1.07 – 1.26 mmole.l-1 ortho-P.  Celtic Sea data
collected during the 98/99 and 99/00 survey years
averaged 8.22 mmole.l-1 and 0.44 mmole.l-1 for
TOxN and ortho-P respectively.
Raine and LeB Williams (2000) studied the fate of
nutrients in estuarine plumes, examining the
Conwys estuary in Wales and Waterford Harbour in
Ireland. They measured the distribution of nutrients,
chlorophyll a and phytoplankton along each estuary
in April/May, July and October 1997. Their results
indicated that while silicate and nitrate behaved
conservatively along the estuary, anomalous
distributions of phosphate were observed in the
plume zone. They concluded that, whereas the main
source of nitrogen for the estuarine phytoplankton
was from the rivers, the main source of phosphate
was from the sea. Phytoplankton blooms were
being encouraged within the plume zone, near the
mouth of the estuary, in the region of nitrogen-rich
fr shwater and relatively phosphate-rich seawater.
There is less evidence of high nutrients in the
western St. George's Channel, although contour
plots do suggest a TOxN and ortho-P plume in the
r gion of Wicklow Head for some monitoring
years.
Western Irish Sea Estuaries and Bays
The EPA monitors water quality in 25 estuaries and
bays around the Irish coast and this includes
measurement of nutrients (EPA, 2000). While this
is mostly carried out in summer as part of an
assessment of eutrophication status, some winter
monitoring is also undertaken and an annual load of
riverine nutrient inputs reported to OSPAR.
The concentrations of TOxN and ortho-P in this
study are in general agreement with those reported
by the Irish Environmental Protection Agency
(EPA, 2001) which show enhanced levels of
dissolved inorganic nitrogen (nitrate, nitrite and
ammonia referred to as DIN) and ortho-P in
Dundalk Bay, the Boyne Estuary, Broadmeadow
Estuary, the River Liffey, the Slaney Estuary and
Wexford Harbour. The Broadmeadow, Slaney and
Liffey estuaries are considered to be eutrophic
based on the EPA quantitative eutrophication
criteria for Ireland.
Eutrophication parameters for Irish estuaries and
bays were reviewed in Boelens et al. (1999).
Dundalk Bay is a relatively large, mostly inter idal
embayment with an annual total N and P input
(combined riverine, municipal and atmospheric) of
2804 and 225 tonnes respectively (Boelens et al.
1999). The hydrodynamics of the bay can result in
elevated nutrient levels corresponding to fresh
water inputs.  The Broadmeadow estuary at
Malahide in north county Dublin is an impounded
shallow estuary with low freshwater input and very
low flushing rate. High nutrient levels in the
Broadmeadow would not be expected to exert a
s gnificant influence on the Irish Sea due to the
very low input volumes.
Dublin City is Irelands largest population centre
and the River Liffey enters the semi-enclosed
Dublin Bay through Dublin Port. Combined annual
municipal and riverine inputs have been estimated
a  9660 and 1738 tonnes total nitrogen and
phosphorus respectively (Boelens et al. 1999).
Although elevated nutrient levels have been
recorded in the bay, the plume does not appear to
extend far into the Irish Sea. There is some
indication of elevated nutrients around H wth
peninsula on the north of the Bay, possibly also due
to discharge of untreated waste.
There is a strategy in place to improve water quality
in Dublin Bay. A Dublin Bay Water Quality
Management Plan has been in place since 1991 and
a monitoring programme was initiated in 2000
(Carney, 2001). The upgrading of the Rings nd
sewage treatment plant to include secondary and
tertiary forms of treatment, (including nitrogen
removal), for the entire Dublin region, should
further improve water quality in the bay. This is
scheduled for completion in 2002. There will also
be a pumping station at Sutton to bring waste from
the north side of Dublin to Ringsend. This will
mean that wastewater will no longer go untreated
into the sea around Howth Head.
Riverine Inputs to the Irish Sea
Each year, the EPA submits riverine input data
(RID) for nutrients and metals to ICES.  To
calculate the annual load of nutrients to the Irish
Sea, the EPA use data from four major rivers: the
Boyne, Liffey, Avoca, and Slaney rivers (see Figure
6).
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The contribution from the remaining rivers and
tributaries is then calculated, and mean annual
concentrations are multiplied by the annual mass
river flow.  EPA data for riverine inputs of TOxN
and ortho-P for the period of 1996 –2000 are
reported in Table 4.
Taking these values into account, it is possible to
examine the relative magnitude of riverine and
oceanic contributions of nutrients.  While these
values are inputs calculated over an entire year, the
majority of the river inputs occur in winter when
river flow is high.
TOxN
(Kt)
ortho-P
(Kt)
1996 31.7 0.37
1997 22.601 0.442
1998 26.893 0.301
1999 20.194 0.472
2000 19.922 0.393
Based on Marine Institute data for 95/96 – 99/00,
the oceanic concentration of nutrients to the Irish
Sea coming in through St. George's Channel, is
approximately 6.6 mmole.l-1 TOxN and 0.45
mmole.l-1 ortho-P. This suggests that riverine
contribution of TOxN to the nutrient load in the
western Irish Sea is substantial.  As nitrogen is
typically the limiting nutrient in oceanic waters,
achieving reductions in riverine inputs of nitrogen
may have an impact on the trophic status of the
Irish Sea. In contrast, the contribution of ortho-P
from riverine sources is far less significant.
Assessment of the Western Irish Sea using EcoQOs
The assessment of the trophic status of maritime
water bodies is a difficult task. OSPAR are
developing Ecological Quality Objectives
(EcoQOs) for assessment of the OSPAR convention
area.  Although such EcoQOs have yet to be agreed
for the convention area, significant effort has been
put into developing EcoQOs for the Greater North
Sea, and this approach has been proposed as the
basis for the entire convention area.
The proposed qualitative and quantitative EcoQOs
focus on causative factors (nutrient enrichment i.e.
inputs and concentrations) as well as direct and
indirect effects. This may be integrated with the
Water Framework Directive (WFD - EU Council
Directive 2000/60/EC) in the future, with the
OSPAR boundary between problem and non-
problem areas equating with the WFD boundary
between good and moderate status (Figure 7).
As an EcoQO of winter nutrient enrichment,
elevated DIN and DIP (dissolved inorganic
phosphate) concentrations have been proposed.
Elevated levels are defined as concentration(s) >
50% above salinity related and/or region specific
background concentration. Clearly the setting of
background levels is problematic. This is due to the
lack of regional historical data, and spatial /
temporal fluxes associated with natural
biogeochemical and climatic cycles and trends.
Thus, caution must be exercised in assuming that
regional background levels provide ‘baselines’
above which levels can be considered elevated and
arising from anthropogenic input.
Figure 7.  Ecological Quality Objectives schematic
(OSPAR, 2001).
Ecological Quality Objectives with respect to
nutrients and eutrophication effects
OSPAR
COMP
Further
Assessment
Initial
Assessment
Non-Problem
Area
Problem
Area
Non-Problem
Area
Potential Problem
 Area
Problem
Area
WFD High Good ModeratePoor Bad
Ecological Quality Objectives with respect to
nutrients and eutrophication effects
Table 4.  Total riverine inputs (calculated for all
rivers and tributaries) of TOxN and ortho-P to the
Irish Sea (EPA)
Figure 6.  River catchments surveyed by the EPA for
the purposes of riverine input estimations (Bolens et
al., 1999).  Regions highlighted in blue are used to
calculate RID data for the Irish Sea.
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As previously mentioned, Marine Institute data
from recent years indicates approximate
concentrations of 6.6 mmole.l-1 TOxN and 0.45
mmole.l-1 ortho-P entering St. George’s Channel.
This suggests values for elevated nutrients (50%
above background) may be ~10 mmole.l-1 DIN and
0.7 mmole.l-1 DIP for offshore waters.  Although
this compares TOxN with DIN, the contribution of
ammonia is not expected to be significant in marine
waters.  Using these values as seawater ndmember
and EPA values for freshwater endmember
concentrations (EPA, 2001), we can derive a sliding
scale for salinity related nutrient concentrations in
the Irish Sea.  This approach allows for the non-
linear behaviour of phosphate within low to mid
salinity ranges.
We can compare dissolved nutrient concentrations
in offshore and coastal waters with these criteria.
This tool is useful for assessing the general status of
a water body. If less than 50% of the samples
exceed the criteria, the water body as a whole
would not be considered as being elevated with
respect to nutrient concentrations (i.e. the median
value would be less than the criteria). However, by
considering whether and where individual samples
exceed the criteria, we get an insight as to where
potential problems may occur.
Figure 15, in Appendix 3, shows the spatial
distributions of the sample stations exceeding the
salinity-related criteria. When assessed using this
approach, for the data collected between 96/97 to
99/00, very few samples exceed the criteria for
offshore waters,  (ortho-P  ~ 3% and TOxN samples
~8%). For coastal waters, 17% of TOxN and 12%
of the ortho-P measurements, exceed the criteria.
These results indicate that nutrient levels are not
generally elevated, and that anthropogenic nutrient
inputs are unlikely to cause eutrophication in Irish
Sea coastal and offshore waters. Some of the bays
and estuaries however, could potentially have
localised problems. In particular Dublin Bay, and
the northwest in the areas of Dundalk Bay and
Carlingford Lough.
The values used here for offshore background
levels concur with values reported by Gowenet al.
(2002) for Atlantic shelf-break waters.  They
reported TOxN concentrations of 6.3 to 8.0 mmole
l-1 and ortho-P concentrations of 0.39 to 0.65
mmole.l-1 . They also reported values of 7 to 8
mmole.l-1 TOxN and 0.7 mmole.l-1 ortho-P for the
w stern Irish Sea. They attributed lower TOxN
values than expected in the Irish Sea to
enitrification.
Further information to validate the regional and
salinity related background levels is warranted.
Clearly, it is important that appropriate assessment
tools and models are used to contribute to accurate
assessments of tr phic status.
Winter Nutrient Ratios in the Irish Sea
The Comprehensive Assessment Procedure set out
by OSPAR (Figure 4) utilizes winter N/P ratios as
an indicator of the degree of nutrient enrichment.
The usage of N/P, as well as N/Si and P/Si, as
indicators of eutrophication is based on their role in
the biogeochemical cycle of the ocean.
In the autumn of 1958, Alfred Redfield published a
watershed paper called "The Biological Control of
Chemical Factors in the Environment".  Such was
the impact of this publication that the ratio of
nitrogen to phosphorus (16:1) in phytoplankton
became known as the Redfield Ratio.  A discussion
of the biogeochemical cycling of nutrients is
beyond the scope of this paper but R dfield's
publication remains one of the best synopsis of
these processes.
The end result of the complex nutrient cycling
taking place in the ocean is that it tends to bring the
ratio of nitrogen and phosphorus in the water
column towards 16:1.  In the coastal zone, a large
deviation from this relationship is frequently seen
due to abundant phytoplankton activity (causing
small nutrient residuals that skew the relationship)
and the influence of freshwater which has a higher
ratio (Redfield, 1958).
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A deviation from the R dfield Ratio due to
anthropogenic coastal inputs has implications for
the biological composition of coastal waters.
While, in general, phytoplankton uptake nitrogen
and phosphorus in a ratio of 16:1, small differences
exist between the p ytoplankton taxa.  It has been
suggested that increases in the N/P ratio and
changes in the N/Si and P/Si may cause shifts in
species composition potentially favouring nuisance
and toxic species (OSPAR, 2001).
Winter N/P relationships >25 have been proposed
as an elevated level (OSPAR 2001).  N/P ratios
were calculated and the percentage of samples
exceeding 25, broken down into salinity related
categories, are presented in Figure 8.
It should be noted that estuarine N:P ratios will be
elevated naturally due to the freshwater influence.
N:P ratios, examined in over 1000 freshwater sites
around Ireland, were found to average 75:1
(McGarrigle, 2001).  Therefore, it is more
appropriate that a sliding scale based on salinity
should be developed to compare data against.
While it is tempting to look for temporal trends of
the N/P ratios in the Irish Sea, the inherent
variability of these ratios within the coastal zone
and the varying degrees of freshwater inputs during
the sampling years make this analysis
inappropriate.  Notwithstanding this, contour plots
of N/P ratios from the 96/97 to 99/00 surveys,
presented in Appendix 4 Figure 16, provides some
insights into nutrient composition when compared
with individual nutrient plots from their respective
years (see Appendix 2).
As expected, high ratios tend to appear in
association with freshwater inputs.  In addition, it
seems that high ratios in many coastal regions for
years 96/97, 98/99, and 99/00 are associated with
excess TOxN inputs.  Two distinct cells of high N/P
ratios appear offshore in the 97/98 sampling year.
The individual nutrient contours suggest these cells
are due to relatively low levels of orth -P.
Nutrient Salinity Relationships
To evaluate trends in nutrient concentrations over
the study period, a salinity based system was
employed to standardize data throughout the years.
Nutrient-salinity regressions have been calculated
for each year as a way of minimizing the effects of
changes in sample locations and coverage.  This
method also minimises the impact of sampling at
varying times in the tidal cycle and varying degrees
of freshwater input due to differences in weather
conditions prior to sampling.
Figures 19 - 20 (Appendix 5) show coastal and
offshore nutrient-salinity regressions for the north
west (north of 53.50°N), mid west (52.80°N to
53.50°N) and south west (52.20°N to 52.80°N)
Irish Sea (areas shown in Figure 9).  Nutrient-
salinity regressions for the entire sample area are
also shown in Appendix 5 (Figures 17 & 18).  Good
correlation between TOxN-salinity and ortho-P-
salinity was present for most years. Although for
some years, particularly when sample coverage was
restricted (92/93), linearity was poor. There was
also poor correlation between ortho-P and salinity
in the north- and south- west Irish Sea for some
years (91/92, 95/96, 96/97, 97/98, 99/00).
-7.00 -6.60 -6.20 -5.80 -5.40 -5.00
52.00
52.40
52.80
53.20
53.60
54.00
54.40
North west
Mid west
South west
Figure 9.  Regional definitions used for Irish Sea
analyses.
Figure 8.  N/P ratios exceeding the EcoQO limit of 25,
separated into salinity categories: estuarine (salinity <30),
coastal (salinity >30 and <34.5), and offshore (salinity
>34.5).
% N/P Exceeding 25
90/91 - 99/00
5 3 %
1 1 %
6 %
0 % 2 5 % 5 0 % 7 5 % 1 0 0 %
E s t u a r i n e
C o a s t a l
O f f s h o r e
96/97 - 99/00
7 1 %
1 7 %
7 %
0 % 2 5 % 5 0 % 7 5 % 1 0 0 %
E s t u a r i n e
C o a s t a l
O f f s h o r e
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Idealised relationships between nutrient
concentrations and salinity show a conservative or
linear response. This is because low salinity waters
generally have higher nutrient concentrations than
high salinity waters. A deviation from this trend
would indicate processes other than riverine ones,
(such as direct run-off, atmospheric deposition,
sewage treatment plants, industrial activity and
interaction with suspended sediment).
In the southwest, poor correlation may be the result
of influences from the residual flow of large
volumes of Celtic Sea water through St. George’s
Channel. However, the origin of ortho-P entering
the system may not be representative of open
Atlantic conditions. It has been postulated that
increased concentrations of both TOxN and ortho-P
may be as a result of increased discharges into the
Celtic Sea (e.g. from the River Severn) which is
subsequently entrained into the northerly flowing
waters entering the Irish Sea (Kennington et al.,
2002).
Table 5 shows the values for TOxN and ortho-P
calculated from the nutrient-salinity regressions
(using 95 % confidence limits) in the north, mid
 south west for each year of the nutrient
monitoring programme. In order to normalise the
results, the calculated values for TOxN and ortho-P
were determined using the overall mean salinity
value for each area (Figure 9). For example, the
TOxN value for the 90/91 survey in the north west
(13.41 mmol.l-1) was determined using the mean
salinity value for 1990 to 2000 of 33.80. The values
determined using this approach represent both open
sea and coastal TOxN and ortho-P values.
Temporal Trend Analysis of Nutrients in the Western Irish Sea
Monitoring temporal trends of nutrients in maritime
waters is key to establishing the effectiveness of the
OPSAR Strategy to Combat Eutrophication. It can
also provide a tool for assessing the impact of other
measures that are not necessarily designed to
protect the marine environment specifically. This
includes instruments such as the Council Directives
91/676/EC (Nitrate Directive), 91/271/EC (Urban
Waste Water Directive) and 96/61/EC (IPPC
Directive).
Based on the TOxN and ortho-P values calculated
from the nutrient-salinity regressions for the 3
regions of the sample area (Table 5), temporal trend
analysis using Trend-Y-Tector was performed. (A
description and critique of the Trend-Y Tector is
given in Box 1).  Regional trend data are shown in
Appendix 6 (Figure 21a) and summarised in Figure
10.
Regional trend analysis indicates decreases in
ortho-P values in all regions ranging from 20-33%
over the study period (90/91-99/00).  A smaller
downward trend is seen in TOxN values for the
north west and mid west areas (8 to 13%).
Conversely, an upward trend of 5% was calculated
for TOxN levels in the south western area.
Analysis has also been done on the entire sample
area as a whole (Figure 11 and Appendix 6, Figure
21b).  This shows a downward trend in both TOxN
and ortho-P (of 4% and 23% respectively) over the
10 years.
Table 5.  Salinity normalised nutrient concentrations calculated from salinity regressions ± the 95% confidence limit.
Normalised to mean salinity of their respective area.
North West Mid West South West Entire Sample Area
TOxN ortho-P TOxN ortho-P TOxN ortho-P TOxN ortho-P
Year
@ salinity of 33.80 @ salinity of 34.11 @ salinity of 34.39 @ salinity of 34.19
90/91 13.41 ±0.97 0.81 ±0.03 11.22 ±0.30 0.79 ±0.02 10.29 ±0.81 0.63 ±0.02 10.97 ±0.51 0.73 ±0.02
91/92 10.41 ±1.46 0.88 ±0.04 8.70 ±0.33 0.78 ±0.09 8.51 ±0.74 0.60 ±0.03 8.57 ±0.54 0.70 ±0.06
92/93 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
93/94 12.23 ±1.50 0.97 ±0.02 12.51 ±0.93 0.97 ±0.05 ---- ---- ---- ---- 11.20 ±0.82 0.93 ±0.02
94/95 11.07 ±1.11 0.83 ±0.06 11.62 ±2.34 0.78 ±0.04 13.27 ±0.59 0.80 ±0.03 12.16 ±0.99 0.79 ±0.01
95/96 16.51 ±0.93 0.93 ±0.03 9.20 ±1.75 0.63 ±0.12 8.10 ±0.50 0.57 ±0.06 11.16 ±0.54 0.73 ±0.03
96/97 14.65 ±0.63 0.61 ±0.03 11.33 ±0.67 0.65 ±0.04 13.22 ±0.66 0.46 ±0.03 12.41 ±0.39 0.57 ±0.02
97/98 14.39 ±1.02 0.57 ±0.07 13.00 ±0.68 0.67 ±0.04 12.47 ±1.07 0.35 ±0.08 11.98 ±0.41 0.60 ±0.01
98/99 10.28 ±1.21 0.87 ±0.27 13.44 ±1.62 0.71 ±0.06 9.83 ±1.54 0.48 ±0.11 10.40 ±0.70 0.65 ±0.09
99/00 9.38 ±0.67 0.71 ±0.02 7.11 ±0.40 0.64 ±0.03 9.52 ±0.73 0.48 ±0.02 8.60 ±0.40 0.61 ±0.02
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An inspection of trend plots in Appendix 6 reveals
that some of the statistically significant trends
detected by the Trend-Y-Tector are questionable.
On examination, trends in TOxN appear to be non-
monotonic and as such, it is probably not prudent to
draw conclusions from them, or attribute cause and
effect relationships. For ortho-P significant trends
appear to be more visually evident than for TOxN,
suggesting downward trends for orth -P over the
decade.
The decrease in ortho-P concentrations between
1990 and 2000 may have been a result of a
reduction in the load from sewage and industry (due
to a decline in the use of phosphate detergents).  A
recent report on eutrophication in Europe’s coastal
waters indicated that there had been a 37%
reduction in the phosphate load from the UK and
Ireland to the Irish Sea between 1991 and 1996
(Aertebjerg, 2001). Since 1990 the input of
phosphate to the northeastern Irish Sea has
substantially decreased as a result of process
changes in 1992 at a rock phosphate processing
plant at Whitehaven on the Cumbrian coast, and
because sewage sludge disposal ceased completely
in 1999. Consequently this has resulted in a
decrease in coastal phosphate concentrations in the
eastern Irish Sea. (CEFAS, 2000).
There is also evidence of significant decreasing
trends in phosphorous concentrations in other
European seas in the 1990s, including Danish
coastal waters, the German Bight and the Wa den
Sea. In Danish waters this decrease was due to an
90/91 - 99/00
-4%
-23%
-50%
-25%
0%
25%
50%
Figure 11. Trend data for the entire sample area of
the Irish Sea Monitoring Programme.  Purple bars
represent TOxN and pink bars ortho-P trends (Trend
analysis using Trend-Y-Tector. All determined with
smoother, significance of 5 %, one- sided log and
90% power).
Figure 10. Regional trend data of the Irish Sea Monitoring Programme.  Purple bars represent TOxN and pink bars o tho-
P trends (Trend analysis using Trend-Y-T ctor. All determined with smoother, significance of 5 %, one-sided log and
90% power).
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80% reduction in the load from sewage and
industry (OSPAR, 2000).
The availability of other comparable, consistent
data sets that can be used to assess temporal trends
is limited.  Time series do exist for sites in the Irish
Sea but uncertainties about the quality of past
analytical data reduces the confidence that can be
assigned to any observed trends. One of the longest
existing time series is the Cypris station of the Port
Erin Marine Laboratory (CEFAS, 2000). The time
series (1967-1994) for a site in the central Irish Sea
near the Isle of Man suggests that both winter
nitrate and phosphate concentrations have increased
since sampling started at the site in 1954. This trend
may be partially climate related but would also be
consistent with increased nutrient inputs to the Irish
Sea as a result of human activities. This is
supported by measurements of chlorophyll a at the
Isle of Man site where, between 1967 and 1994,
there was a 100% increase.
More recently Gowen et al. (2002) further
examined this data set along with other nutrient
data for the Irish Sea (not including the St.
George’s Channel). They concluded that, although
ortho-P levels have increased since 1954, there has
been a significant decrease since the late 1980s.
Furthermore, they conclude that TOxN
concentrations have remained stable since the mid-
1970s. This corresponds well with our assessment.
They also concluded that the trends were consistent
with riverine inputs for the Irish Sea over the
monitoring period.
The only other long-term data set for the Irish Sea
is for the Menai Straits. The University of North
Wales in Bangor has collected data since 1963. A
study of interdecadal variability of nutrients in the
outhern Irish Sea was carried out by the
University of North Wales, with the assistance of
the Irish Marine Institute and the Environment
Agency UK, and this examined a synthesis of
available nutrient data for the Irish Sea. (Evans et
al., 2001) The study examined specifically the data
from the Marine Institute, and the two long term
data sets; the Cypris station in the Central Irish Sea
and a data set for the Menai Strait. The long-term
data sets suggested a progressive rise in nutrient
concentrations since the 1950s but that this was not
continued into the 1990s. They found that salinity
was anti-correlated with nutrient concentrations and
suggested shifts of water mass that may be
climatically driven.
Box 1: Statistical assessment of temporal trends and the Trend-y-T ctor.
Statistical trend detection techniques provide a mechanism for assessing the existence of significant temporal
trends as well as determining their magnitude. Furthermore, the estimated final year value can be assessed
against environmental reference points, such as ‘background concentrations’ and ‘eco oxicological assessment
criteria’. (Fryer and Nichloson, 1999)
The trend-y-tector is a statistical software tool designed for measuring temporal trends in the environment. It
was initially designed for assessment of trends in OSPAR riverine input data but is also used for assessing
trends in environmental concentrations. The sequence of events involves initially evaluating and quantifying
significant monotonic (downwards or upwards) trends using Mann-Kendall analysis. If a significant trend is
determined the program terminates. Should the Mann-Kendall approach not determine a significant trend, a
second technique, using smoother statistics (3 point running mean n < 7; LOESS smoother n>6) is applied to
determine and quantify trends where significant.
Appropriate statistical methods for detecting temporal trends have been much discussed internationally. In
1998 the OSPAR ad hoc monitoring working group (MON) carried out an assessment of temporal trends of
contaminants in biota (OSPAR 1998b). For this assessment it was decided to use a smoother technique, on
longer data sets only, and report only trends that had a significant linear component.
There are some problems associated with the Trend-y-T ctor approach including the following:
Ø Should a significant trend be determined by Mann-Kendall statistics, the software terminates, and does not
run smoother test.
Ø Trends may have a linear and non-linear component but these are not distinguished in the software output.
In reality trends with a significant linear component may be informative.
Ø The use of more than one statistical technique in sequence increases the chance of detecting a significant
trend when there is in fact no trend (false positive).
Ø It does not take account of within year variability of data, variation in data coverage for different years
(which may undermine nutrient-salinity regressions on which this trend detection is based), and issues of
quality assurance of data.
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Clearly it is important to establish the influence, if
any, of climate induced nutrient variability to
enable a full assessment of nutrient trends resulting
from human activities. It is essential to separate an
observed trend into its natural and nthropogenic
components and this issue is critical to support
informed policy/management decisions for
protection of the Irish Sea.  Further assessment of
trends in inputs and discharges to the western Irish
Sea would improve this assessment.
More information on inputs of nutrients from
Atlantic waters through the St. George’s channel,
and from processes within the Irish Sea such as
resuspension, warrant further investigation. This
information would help establish the relative
contributions of anthropogenic and natural
processes on the nutrient trends in the Irish Sea, and
would better assist management of these waters.
It is proposed to carry out a further temporal trend
assessment in 2003. This will employ a 13 year data
set, for which there is good systematic coverage of
the survey area for 8 of those years. This, allied to
more sophisticated statistical trend detection tools,
should provide greater capacity for detection of true
environmental trends.
Another use of the trend data is to evaluate the end
concentrations of the observed trends as an
additional measure of the current nutrient
concentrations in the Irish Sea.  When this is done,
and compared with the salinity related nutrient
EcoQO values, it is clear that nutrient levels in the
Ir h Sea are below the proposed criteria for
eutrophication for all areas.
Temporal Trend Analysis of Riverine Input of Nutrients
Table 6 gives a summary of the EPA RID data for
ortho-P and TOxN. Trend analysis has been
performed on this data and results presented in
Figure 22 (Appendix 6) and in Figure 12.
Year ortho-P
(Kt)
TOxN
(Kt)
1990 0.212 11.8
1991 0.208 14.9
1992 0.205 8.73
1993 0.343 14.4
1994 0.297 14.5
1995 0.287 12.7
1996 0.211 19.6
1997 0.249 13.8
1998 0.272 16.2
1999 0.283 12.0
Trends in inputs, calculated over the entire study
period, show a 17% increase in TOxN riverine
inputs; a trend not matched in the analysis of the
Irish Sea.  Also in contrast to the Irish Sea data, no
trend was detected in riverine inputs of ortho-P.  As
the magnitude of riverine inputs of ortho-P were
relatively small in comparison to the oceanic
contribution, and trends in inputs from the eastern
Irish Sea were not considered, it is not surprising
that the trends do not match.
Again, as for trends examined for environmental
concentrations, the output of the Trend-Y-ector
needs to be considered with caution (see Box 1). In
the absence of a similar trend analysis for the
oceanic contribution of TOxN, it is impossible to
conclude the source of changes in the Irish Sea.
However, the lack of agreement between Irish
riverine input and Irish Sea trends suggest that
levels of nutrients in the Irish Sea are dominated by
forces other than riverine ones.  Potential forces
include direct inputs, climate driven changes in
oceanic levels of nutrients, or alterations in nutrient
cycling (i.e. quantities of resuspension).  
Table 6.  EPA RID data from the combination of the
four major rivers entering the Irish Sea (Boyne,Slaney,
Avoca, and Liffey) for 1990 – 1999.
90 - 99
17%
-50%
-25%
0%
25%
50%
Figure 12.  Trends in riverine inputs of nutrients.
Purple bars represent TOxN and pink bars ortho-P
trends (Trend analysis using Trend-Y-Tector. All
determined with smoother, significance of 5 %.,
one-sided log and 90% power).
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CONCLUSIONS AND RECOMMENDATIONS   
The Marine Institute's monitoring p ogramme has
been established and evolved over the past 10
years.  The spatial data consistently suggest that
despite recurrent "hot spots" of elevated nutrient
levels (such as Dundalk Bay, Dublin Bay,
Waterford Harbour and Carlingford Lough),
nutrient enrichment is limited to some estuarine
and, to a lesser extent, coastal waters. In general,
coastal and offshore waters do not show evidence
of significant elevation above background levels.
N/P ratios, also used in the assessment of
eutrophication status, displayed a similar pattern
with the vast majority of coastal and offshore
waters being within the proposed OSPAR EcoQO
limit of 25.  Contour plots displaying the spatial
distribution of N/P ratios, when compared with
individual nutrient plots, show that areas of nutrient
imbalance are primarily located close to the coast,
in areas of freshwater influence.
While these EcoQOs are a convenient means of
assessing the potential eutrophication status of the
maritime area, caution must be exercised in their
use. Defining a baseline state, above which an
anthropogenic influence may be assumed, is a
difficult proposition for a system with substantial
natural spatial and temporal variability. As a
minimum, data are necessary to develop
appropriate EcoQOs for offshore and coastal
waters.
An evaluation of the relative magnitude of nutrients
entering the Irish Sea from riverine and oceanic
sources suggested that TOxN entering from rivers
is quite substantial.  The contribution of ortho-P
from rivers however is much lower.
The use of nutrient salinity regressions in
calculating salinity normalised annual nutrient
concentrations is invaluable for trend analysis in a
program such as this, where sample coverage varied
from year to year.  However, this approach is
dependant on idealized nutrient and salinity
relationships which ignore the influence of non-
riverine inputs such as direct run-off, atmospheric
deposition, sewage effluent and changes in oceanic
background levels due to climate fluctuations.
With this in mind, trends calculated using salinity-
normalized values, especially over short time spans,
need to be scrutinized.
Analysis of trends, using the Trend-Y-Tector, in
coastal and offshore waters for orth -P over the 10-
year period shows decreasing trends (20 to 33%).
This is consistent with the wider European situation
which also show decreases in phosphate levels,
mainly attributed to a phasing out of phosphate
detergents.
Trend analysis in coastal and offshore waters based
on nutrient-salinity regressions indicate a decrease
in TOxN for all regions analyzed with the exception
of the south west Irish Sea, where a 5% increase
was observed.
The inadequacies of the Trend-Y-Tector and an
intuitive examination of the trend plots suggests
that statistically significant trends observed for the
10 year period are more likely to be real for ortho-P
than for TOxN. It is proposed to carry out a further
trend analysis in 2003, including more recent data.
A longer time series with good spatial coverage
should greatly enhance the power for detecting true
trends. In addition, more sophisticated and
appropriate statistical analyses, currently under
development, may be available.  Notwithstanding,
in order to evaluate the mechanisms of the trends
observed, more information is needed about the
variability of nutrient inputs through St. George's
Channel.
Riverine input data do not agree with trends seen in
the Irish Sea.  While some of the difference may be
due to discrepancies in the sample collection times,
it is likely that influences other than riveri e inputs
are causing the trends seen in the Irish Sea.  One
possibility is climate driven changes in the level of
nutrients in the oceanic water entering the Irish Sea
through St. George's Channel.
Furthermore, it cannot be assumed that the
decreasing trends observed for the western Irish Sea
are the result of national and international measures
to protect the aquatic environment. It is essential to
further investigate natural baseline variations and
cycles against which anthropogenic influences are
superimposed.
Future Development of Marine Institute's Nutrients Monitoring P ogramme
The Marine Institute's Nutrients Monitoring
Programme plan for the Irish Sea is currently being
amended to address many of the issues raised in
this assessment. The main recommendations are:
Depth integrated nutrient samples to be
collected in light of the periodic stratification
seen in the north-west Irish Sea.
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It is proposed to further co-ordinate the
sampling approach across agencies (i.e.
between the Environmental Protection
Agency and the Marine Institute) to provide
a more cohesive assessment of riverine
inputs (or pressures) and marine/coastal
nutrient concentrations. Furthermore,
holistic monitoring and assessment focusing
on driving forces and management issues as
well as scientific assessment would be
beneficial.
Further studies on variability of nutrient
concentrations in Atlantic Ocean water
entering the St. George's channel are
warranted. This will help separate the
influence of climate driven oceanic trends
from anthropogenic influences.  In addition
this will provide data with which to further
develop EcoQOs for marine waters.
Further knowledge on biogeochemical
cycling and processes (e.g. sediment sources
and sinks) that may affect nutrient loading in
the Irish Sea is also critical to fully inform
data assessments.
With the implementation of the Water Framework
Directive (Council Directive 2000/60/EC), it is
anticipated that nutrient monitoring demands will
not only continue but be substantially increased in
the future.  It is recommended that monitoring be
continued on the basis outlined above and a full
assessment carried out after a further 5 years when
accurate trend detection will be greatly improved
due to the extended time period with increased
spatial coverage
.
Further Research Areas of Interest
Some of the supporting research required for a
comprehensive eutrophication assessment is outside
the scope of the winter nutrients monitoring
programme.  This includes:
Further research into physical processes in
the Irish Sea, their influences on nutrient
variability and their potential to promote
eutrophication.
Research on, and monitoring of, spring /
summer phytoplankton activity in the
western Irish Sea to investigate links
between nutrient concentrations / inputs and
potential eutrophic effects.
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APPENDIX 1
Marine Institute Irish Sea Winter Nutrient Monitoring Programme sampling sites.
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Figure 13a. Marine Institute Irish Sea Winter Nutrient Monitoring Programme sampling sites (90/91 –
93/94).
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Figure 13b. Marine Institute Irish Sea Winter Nutrient Monitoring Programme sampling sites (94/95 –
97-98).
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Figure 13c. Marine Institute Irish Sea Winter Nutrient Monitoring Programme sampling sites (98/99 –
99/00).
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APPENDIX 2
Marine Institute Irish Sea Winter Nutrient Monitoring Programme nutrient and salinity contour and classed post
plots.  All nutrient concentrations expressed in mmole.l-1.  Salinity values in ‰.
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Figure 14a.  Winter 1990/1991 nutrient and salinity plots for the Irish Sea (silicate not measured in the 90/91
survey)
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Figure 14b.  Winter 1991/1992 nutrient and salinity plots for the Irish Sea.
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Figure 14c.  Winter 1992/1993 nutrient and salinity plots for the Irish Sea.
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Figure 14d.  Winter 1993/1994 nutrient and salinity plots for the Irish Sea.
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Figure 14e.  Winter 1994/1995 nutrient and salinity plots for the Irish Sea.
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Figure 14f.  Winter 1995/1996 nutrient and salinity plots for the Irish Sea.
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Figure 14g.  Winter 1996/1997 nutrient and salinity plots for the Irish Sea.
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Figure 14h.  Winter 1997/1998 nutrient and salinity plots for the Irish Sea.
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Figure 14i.  Winter 1998/1999 nutrient and salinity plots for the Irish Sea.
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Figure 14j.  Winter 1999/2000 nutrient and salinity plots for the Irish Sea.
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APPENDIX 3
Marine Institute Irish Sea Winter Nutrient Monitoring Programme plots of stations where nutrient levels were
‘elevated’ above background criteria
McGovern et al.: Winter Nutrient Monitoring of the Western Irish Sea – 1990 to 2000
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Figure 15: TOxN and ortho-P samples with concentrations above ‘elevated’ background criteria.
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APPENDIX 4
Marine Institute Irish Sea Winter Nutrient Monitoring Programme N:P ratio plots.
McGovern et al.: Winter Nutrient Monitoring of the Western Irish Sea – 1990 to 2000
42
N:P Ratio 1996/1997
N:P Ratio 1998/1999
N:P Ratio 1997/1998
N:P Ratio 1999/2000
0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
-7.00 -6.60 -6.20 -5.80
52.00
52.40
52.80
53.20
53.60
54.00
54.40
0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
-7.00 -6.60 -6.20 -5.80
52.00
52.40
52.80
53.20
53.60
54.00
54.40
0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
-7.00 -6.60 -6.20 -5.80
52.00
52.40
52.80
53.20
53.60
54.00
54.40
0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
-7.00 -6.60 -6.20 -5.80
52.00
52.40
52.80
53.20
53.60
54.00
54.40
Figure 16.  TOxN:ortho-P ratios for sampling years 96/97 to 99/00
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APPENDIX 5
Marine Institute Irish Sea Winter Nutrient Monitoring Prog amme nutrient versus salinity regression
plots.  All nutrient concentrations expressed in mmole l-1.  Salinity values in ‰.
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Figure 17.  TOxN-salinity regressions for the Irish Sea.  Regression line not calculated for the 92/93 sampling year
due to lack of sufficient data.
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Figure 18.  ortho-Phosphate-salinity regressions for the Irish Sea. Regression line not calculated for the 92/93
sampling year due to lack of sufficient data.
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Figure 19a.  TOxN-salinity regressions for years 1990/1991 – 1994/1995.
Marine Environment and Health Series, No. 4, 2002
47
Figure 19b.  TOxN salinity regressions years 1995/1996 – 1999/2000.
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Figure 20a.  ortho-Phosphate salinity regressions years 1990/1991 – 1994/1995.
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Figure 20b.  ortho-Phosphate salinity regressions years 1995/1996 – 1999/2000.
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APPENDIX 6
Marine Institute Irish Sea Winter Nutrient Monitoring Prog amme trend data.  All nutrient concentrations
expressed in mmole.l-1.  Salinity values in ‰. Trends calculated using Trend-Y-Tector trend analysis (with
smoother, a significance of 5%, one-sided log and 90% power).
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Figure 21a.  Regional Irish Sea trend data for 90/91 – 99/00.  Pink shaded region represents the
calculated trend.  Blue bars represent yearly salinity normalised values with error bars being +/- the
95% confidence interval.
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Entire Sample Area
Figure 21b.  Irish Sea trend data for 90/91-99/00.  Blue bars represent salinity normalised values with error bars
being +/- the 95% confidence limits
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Mid West
Figure 22.  Trend analysis of riverine input data (RID) for 90-99 .  Blue bars represent RID values and pink
shaded region represents trends.
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APPENDIX 7
Marine Institute Irish Sea Winter Nutrient Monitoring Programme yearly data.  Latitude and longitude values in
degrees decimal.  All nutrient concentrations expressed in mmole l-1.  Salinity values in ‰.
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LAT LONG SAL NTRZ PHOS SLCA
52.1523-5.3142 35.00 6.70 0.50 -----
52.1642-5.5820 35.10 7.00 0.52 -----
52.1683-5.8265 34.80 8.10 0.56 -----
52.2132-6.0630 34.80 8.40 0.58 -----
52.2157-6.0675 34.70 11.20 0.60 -----
52.2518-6.3017 33.90 17.40 0.60 -----
52.2585-5.9040 34.70 10.10 0.63 -----
52.2683-6.0370 33.90 9.60 0.58 -----
52.2715-5.7773 34.80 8.90 0.60 -----
52.2930-5.6622 34.80 8.40 0.58 -----
52.3082-6.2040 34.30 13.60 0.58 -----
52.3255-5.1807 34.70 7.00 0.55 -----
52.3282-6.0082 34.60 10.00 0.58 -----
52.3862-5.9893 33.30 9.20 0.59 -----
52.3873-5.6400 34.60 8.50 0.59 -----
52.3892-6.1408 34.50 12.80 0.58 -----
52.4340-5.9713 34.60 9.60 0.60 -----
52.4675-6.1138 34.40 12.10 0.56 -----
52.4948-5.0630 34.50 7.40 0.58 -----
52.5060-5.9407 33.00 9.50 0.65 -----
52.5167-5.5805 34.80 8.00 0.59 -----
52.5425-5.6690 34.60 8.50 0.59 -----
52.5500-6.1105 34.50 11.90 0.59 -----
52.5608-5.9118 34.40 10.00 0.69 -----
52.5823-5.7992 34.60 9.90 0.65 -----
52.6160-5.8747 32.80 9.60 0.72 -----
52.6205-6.0912 34.30 10.40 0.58 -----
52.6557-5.9712 34.40 10.80 0.68 -----
52.6622-4.9975 34.40 7.70 0.61 -----
52.6763-6.0032 34.40 10.80 0.70 -----
52.6870-5.8392 34.30 9.60 0.72 -----
52.6907-5.2242 34.70 7.10 0.56 -----
52.6913-6.0722 34.40 8.90 0.58 -----
52.6963-6.0213 34.40 10.30 0.71 -----
52.7127-6.0402 34.40 10.20 0.78 -----
52.7287-5.4517 34.70 8.00 0.60 -----
52.7353-6.0677 34.40 11.00 0.71 -----
52.7527-6.0307 34.10 10.40 0.66 -----
52.7543-5.8140 33.10 10.00 0.79 -----
52.7585-6.0865 33.90 16.20 0.69 -----
52.7727-6.1078 33.80 15.80 0.70 -----
52.7875-6.1173 33.90 15.10 0.71 -----
52.7942-6.1243 33.60 15.90 0.70 -----
52.8065-6.1150 33.80 15.50 0.71 -----
52.8270-5.7855 34.20 10.20 0.81 -----
52.8333-5.9925 34.50 10.10 0.70 -----
52.8468-5.4022 34.60 8.30 0.65 -----
52.8843-5.9630 33.80 14.10 0.72 -----
52.9057-5.7600 34.20 10.40 0.76 -----
52.9443-5.9402 33.80 14.70 0.77 -----
52.9467-5.3382 34.40 9.10 0.73 -----
52.9935-5.7550 34.20 9.40 0.69 -----
53.0060-5.9313 33.90 13.50 0.79 -----
53.0557-5.3520 34.50 8.20 0.68 -----
53.0645-5.9430 33.90 13.80 0.79 -----
53.0707-5.7638 34.50 8.40 0.58 -----
53.1167-5.9560 34.10 12.60 0.77 -----
LAT LONG SAL NTRZ PHOS SLCA
53.1508-5.9667 34.10 11.00 0.70 -----
53.1877-5.3572 34.40 8.20 0.68 -----
53.2003-6.0253 34.30 9.60 0.74 -----
53.2038-5.9858 34.30 10.20 0.69 -----
53.2440-6.0432 34.20 10.60 0.78 -----
53.2473-5.9912 34.20 10.10 0.69 -----
53.2673-5.8223 34.40 8.10 0.68 -----
53.2870-6.0658 34.10 11.40 0.80 -----
53.2897-5.9845 34.30 9.70 0.70 -----
53.3012-6.0883 34.10 11.80 0.83 -----
53.3220-6.1158 34.00 12.40 0.84 -----
53.3240-5.4917 34.50 7.60 0.65 -----
53.3272-4.9782 34.00 12.60 0.75 -----
53.3307-5.6162 34.50 7.60 0.65 -----
53.3310-5.3667 34.40 7.00 0.68 -----
53.3320-5.1447 34.00 12.50 0.82 -----
53.3358-5.7722 34.10 7.50 0.68 -----
53.3378-5.9677 34.40 10.00 0.69 -----
53.3393-6.2277 33.80 13.70 0.92 -----
53.3433-6.1345 34.00 12.70 0.88 -----
53.3435-6.1567 33.60 14.20 1.10 -----
53.3435-6.1263 33.10 21.50 1.28 -----
53.3435-6.1398 33.90 12.50 0.88 -----
53.3442-6.1705 33.20 15.50 1.18 -----
53.3448-6.1528 33.70 14.00 0.97 -----
53.3460-6.1235 34.00 12.20 0.84 -----
53.3525-6.0870 34.00 12.90 0.87 -----
53.3610-6.1007 33.60 14.40 0.92 -----
53.3702-6.0377 33.90 13.20 0.90 -----
53.3807-6.0360 33.90 13.10 1.21 -----
53.3838-5.9677 34.10 10.70 0.66 -----
53.3895-6.0437 33.90 12.40 0.92 -----
53.3928-6.0297 34.10 12.60 0.86 -----
53.3963-5.7817 34.50 7.20 0.68 -----
53.4040-6.0152 34.20 12.60 0.86 -----
53.4185-6.0315 34.00 12.30 0.89 -----
53.4503-6.0678 34.00 11.30 0.82 -----
53.4658-5.9565 34.10 10.90 0.79 -----
53.4753-6.0022 34.10 11.30 0.81 -----
53.4763-5.7913 34.50 6.80 0.68 -----
53.5158-6.0380 34.00 11.30 0.83 -----
53.5370-5.9070 34.00 8.40 0.70 -----
53.5518-5.9955 34.20 10.10 0.78 -----
53.5555-5.8023 34.30 6.80 0.67 -----
53.5870-5.9805 34.10 9.10 0.72 -----
53.6088-5.8837 34.50 7.90 0.70 -----
53.6207-6.0563 34.10 11.40 0.81 -----
53.6235-5.8362 34.50 6.80 0.68 -----
53.6812-6.1353 34.20 10.80 0.79 -----
53.6813-5.8710 34.40 7.90 0.70 -----
53.7038-6.0600 33.90 12.40 0.78 -----
53.7223-6.2268 31.80 28.60 0.90 -----
53.7225-6.0967 33.90 12.90 0.79 -----
53.7232-6.2033 32.80 21.10 0.85 -----
53.7237-6.2222 30.30 48.40 0.89 -----
53.7248-6.1875 33.50 16.00 0.85 -----
53.7270-6.1470 33.90 12.90 0.82 -----
Table 7a: Nutrients data from the 90/91 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
53.7513-5.9203 34.30 9.00 0.73 -----
53.8177-6.1230 34.00 11.30 0.83 -----
53.8242-5.9375 34.30 10.10 0.75 -----
53.8832-6.1643 33.60 16.90 0.86 -----
53.8910-5.9937 33.80 14.90 0.80 -----
53.9010-6.1987 33.40 18.90 0.86 -----
53.9460-6.1772 32.70 23.90 0.90 -----
53.9482-6.1165 33.60 18.40 0.84 -----
53.9482-6.2580 32.40 34.10 0.97 -----
53.9812-6.0487 32.80 13.80 1.18 -----
53.9997-6.0312 33.10 20.20 0.94 -----
54.0233-6.0778 33.00 20.80 0.94 -----
54.0262-6.0937 33.10 19.90 1.03 -----
54.0303-6.1478 32.70 22.20 0.95 -----
54.0363-6.1302 32.70 22.10 0.95 -----
54.0572-6.1893 31.10 40.50 1.10 -----
54.0637-6.2057 30.80 43.80 1.10 -----
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7a (cont.): Nutrients data from the 90/91 sampling year.  All nutrient concentrations in mmole l-1.
Salinity expressed in ‰.  Latitude and longitude in degrees decimal.
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LAT LONG SAL NTRZ PHOS SLCA
52.2845-6.3237 34.25 9.30 0.71 5.70
52.3187-6.3103 34.20 9.40 0.62 4.30
52.3487-6.3062 34.22 9.40 0.60 4.40
52.3748-6.3047 34.22 9.50 0.60 4.40
52.4008-6.3022 34.23 9.00 0.60 4.40
52.4222-6.2915 34.33 9.10 0.60 -----
52.4510-6.2343 34.26 9.30 0.58 4.40
52.5180-6.1758 34.20 9.30 0.60 4.90
52.5472-6.1688 34.17 9.30 0.57 4.70
52.6182-6.1395 33.95 10.40 0.65 5.20
52.6415-6.1253 33.96 9.80 0.65 5.20
52.6743-6.1065 33.80 9.30 0.62 5.20
52.7073-6.0952 33.80 9.70 0.68 5.40
52.7430-6.0843 33.80 10.30 0.71 5.60
52.7610-6.0940 33.70 10.30 0.63 5.60
52.7718-6.1052 33.60 11.00 0.65 5.60
52.7870-6.1243 33.50 11.90 0.66 6.30
52.7943-6.1300 33.50 13.60 0.66 7.10
52.7978-6.1250 33.60 13.50 0.71 6.70
52.8073-6.1077 33.70 12.80 0.69 6.40
52.8223-6.0865 33.82 11.80 0.64 5.60
52.8470-6.0510 33.83 11.10 0.68 5.70
52.8960-6.0093 34.00 9.60 0.67 5.40
52.9230-5.9940 34.02 9.60 1.43 5.40
52.9577-5.9765 33.94 10.10 0.70 5.70
53.0200-6.0268 33.82 10.40 0.86 6.30
53.0462-6.0197 33.82 10.00 0.86 6.40
53.0842-6.0148 33.76 9.80 0.90 6.60
53.1190-6.0147 33.77 9.70 0.94 6.60
53.1550-6.0433 33.76 9.40 0.88 6.30
53.1808-6.0573 33.80 9.20 0.86 -----
53.2018-6.0697 33.74 10.00 0.89 -----
53.2178-6.0838 33.70 10.50 0.94 6.80
53.2327-6.0868 33.70 10.50 0.94 -----
53.2388-6.0873 33.70 10.50 0.90 -----
53.2473-6.0865 33.70 10.70 0.86 6.20
53.2530-6.0802 33.67 10.70 0.99 6.80
53.2640-6.0673 33.65 11.20 0.99 6.80
53.2797-6.0678 33.65 11.00 0.99 6.80
53.2887-6.0835 33.67 10.60 0.99 6.70
53.2957-6.0973 33.67 10.80 0.93 6.50
53.3188-6.0707 33.65 10.20 0.90 6.60
53.3380-6.0498 33.70 10.20 0.86 6.50
53.3418-6.1142 33.15 13.20 1.40 8.80
53.3430-6.1313 32.60 15.40 1.59 9.70
53.3432-6.1700 31.80 20.00 1.19 12.90
53.3435-6.1430 32.62 16.70 1.68 10.30
53.3478-6.0890 33.55 11.00 0.95 7.20
53.3512-6.0678 33.57 11.10 0.96 7.50
53.3648-6.0468 33.55 11.10 0.99 7.30
53.3833-6.0408 33.56 10.80 0.98 7.30
53.3865-6.0435 33.57 11.10 0.99 7.40
53.4008-6.0475 33.55 11.00 0.99 7.30
53.4062-6.0553 33.55 10.90 0.95 7.00
53.4092-6.0450 33.55 10.90 0.96 7.20
53.4168-6.0678 33.56 11.10 0.98 7.10
53.4168-6.0627 33.55 11.10 0.99 7.10
LAT LONG SAL NTRZ PHOS SLCA
53.4453-6.0687 33.56 11.60 0.94 7.00
53.4577-6.0992 33.71 11.50 1.06 7.30
53.4677-6.0690 33.60 11.10 0.91 7.30
53.4803-6.0800 33.55 11.20 0.98 7.30
53.4905-6.0755 33.57 11.20 0.98 7.30
53.5002-6.0710 33.57 10.90 0.98 7.30
53.5157-6.0643 33.55 11.20 0.98 7.30
53.5178-6.0557 33.70 9.40 0.82 6.60
53.5628-6.0557 33.55 12.30 1.02 7.60
53.5877-6.0255 33.67 9.60 0.88 7.20
53.5972-6.0672 33.45 12.40 0.99 7.60
53.6395-6.0423 33.55 12.20 0.96 7.50
53.6677-6.1705 33.29 14.00 0.94 8.70
53.6913-6.1950 32.95 16.80 0.90 9.20
53.6947-6.0697 33.60 10.30 0.86 7.20
53.7000-6.2172 32.97 16.20 0.90 9.20
53.7038-6.2052 32.80 18.20 0.93 10.00
53.7273-6.2232 33.06 15.70 0.88 8.70
53.7313-6.2233 33.05 15.60 0.87 8.70
53.7337-6.0875 33.65 9.10 0.79 7.00
53.7472-6.0938 33.65 9.10 0.78 7.00
53.7472-6.2197 33.17 14.20 0.88 8.90
53.7725-6.2093 33.12 15.10 0.87 8.70
53.7760-6.1077 33.45 11.90 0.91 8.40
53.8008-6.2012 33.44 12.60 0.87 8.20
53.8298-6.1347 33.59 10.50 0.86 8.10
53.8492-6.1873 33.45 12.50 0.83 8.20
53.8680-6.1585 33.38 12.90 0.87 8.50
53.8932-6.1715 33.35 13.30 0.90 9.10
53.8968-6.1773 33.36 13.20 0.86 9.20
53.9247-6.2218 33.10 16.20 0.92 10.30
53.9378-6.2372 33.09 16.10 0.94 10.00
53.9398-6.2477 32.92 17.10 0.92 11.10
53.9587-6.2782 33.95 19.30 0.86 11.00
53.9653-6.2845 32.70 18.70 0.86 10.60
Table 7b: Nutrients data from the 91/92 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
52.7953-6.1277 34.17 15.80 0.82 7.60
52.7985-6.0012 34.02 13.60 0.64 6.30
52.8757-6.0300 33.95 17.90 0.56 7.70
53.0000-5.9942 33.58 15.40 0.74 6.60
53.2167-6.0152 33.56 9.50 0.84 4.40
53.2882-6.0323 33.65 8.80 0.55 4.10
53.3338-5.8943 33.91 8.00 0.76 4.10
53.3350-5.6847 33.93 7.70 0.78 3.80
53.3352-6.0415 33.88 9.30 0.94 4.60
53.3367-5.9623 3.43 78.80 0.79 4.10
53.3383-5.4860 33.81 5.70 0.64 4.40
53.3427-6.1462 33.93 7.50 0.87 4.50
53.3893-6.0403 33.71 16.30 1.10 4.80
53.4078-6.0553 33.77 10.40 1.02 5.40
53.4952-6.0572 33.83 9.90 0.92 5.30
53.6533-6.1137 33.83 8.70 0.83 4.70
53.7313-6.1843 33.21 6.90 0.94 6.90
53.7367-6.1112 33.73 10.90 0.90 5.40
53.7427-6.0288 33.89 7.90 0.87 4.60
Table 7c: Nutrients data from the 92/93 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
52.1677-6.2023 34.54 11.30 0.85 7.90
52.1677-6.1012 34.74 9.50 0.82 7.40
52.6692-6.0697 34.37 12.50 0.90 8.10
52.7962-6.1317 27.89 35.10 0.80 20.80
52.7998-6.0007 34.37 11.90 0.90 7.90
52.8000-5.4842 34.67 8.30 0.85 6.30
52.8005-6.0678 34.16 13.30 0.90 8.50
52.8010-5.8837 34.22 12.30 0.92 7.90
52.8010-5.7335 34.60 9.40 0.85 6.60
52.8883-5.9895 33.88 15.80 0.90 9.80
53.0323-5.9865 34.42 10.80 0.95 7.90
53.1395-5.9912 34.28 10.40 0.94 7.90
53.3313-5.9012 34.21 10.70 1.00 7.90
53.3338-5.9657 33.99 12.60 1.03 9.00
53.3345-5.4855 34.40 7.80 0.88 7.20
53.3347-6.0500 33.97 13.20 1.10 9.00
53.3350-5.7002 34.66 6.80 0.84 5.90
53.3440-6.1608 28.08 62.90 1.60 27.00
53.7330-5.4850 34.32 8.00 0.91 7.20
53.7330-5.8608 34.27 8.90 0.90 8.10
53.7333-5.6992 34.33 8.10 0.92 7.40
53.7333-6.1170 32.29 17.30 1.00 11.80
53.7337-6.0328 33.88 12.70 0.96 9.60
53.7337-6.1827 32.40 23.90 1.06 15.10
53.9472-5.4847 34.18 8.80 0.96 7.20
53.9485-6.0998 33.42 16.20 1.00 11.60
53.9492-5.8682 33.93 11.20 1.00 9.40
53.9503-5.7020 33.96 10.00 1.00 8.10
53.9508-6.1683 32.98 19.80 1.06 13.60
53.9518-6.2597 32.68 22.60 1.07 14.60
Table 7d: Nutrients data from the 93/94 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
52.2347-6.2602 34.29 14.60 1.01 8.40
52.2557-6.2983 33.33 20.00 1.02 11.40
52.2593-6.2283 34.35 14.10 0.95 8.30
52.2775-6.3227 33.21 17.50 0.94 10.30
52.2817-6.1958 34.49 13.00 0.89 8.10
52.3058-6.1638 34.33 12.80 0.89 7.90
52.3088-6.3068 31.43 25.80 1.11 13.90
52.3258-6.1385 34.55 13.80 0.85 8.10
52.3367-6.1255 34.52 12.20 0.79 7.70
52.3368-6.2988 33.19 17.70 0.92 9.80
52.3648-6.1225 34.41 13.00 0.79 7.90
52.3800-6.2732 33.79 15.50 0.87 8.90
52.3908-6.1202 34.43 13.00 0.80 8.00
52.4132-6.2493 33.90 15.50 0.86 9.00
52.4207-6.1175 34.45 12.30 0.82 7.70
52.4363-6.2342 33.91 15.50 0.85 8.90
52.4480-6.1155 34.53 12.40 0.78 7.50
52.4675-6.2097 34.27 13.50 0.86 8.00
52.4763-6.1135 34.54 10.90 0.68 7.10
52.4940-6.1857 34.35 12.80 0.82 7.50
52.5055-6.1103 34.51 10.90 0.74 8.90
52.5208-6.1767 34.14 14.60 0.84 8.20
52.5307-6.1063 34.39 11.40 0.76 9.00
52.5500-6.1600 34.18 13.20 0.79 7.80
52.5612-6.1022 34.34 12.90 0.83 10.20
52.5732-6.1397 34.37 12.70 0.77 7.80
52.5902-6.1005 34.23 14.20 0.87 10.50
52.6057-6.1262 34.38 13.20 0.81 7.90
52.6172-6.0967 34.20 14.70 0.83 12.80
52.6323-6.1197 34.23 14.10 0.84 7.70
52.6470-6.0923 34.13 14.70 0.85 10.90
52.6560-5.9935 34.37 11.80 0.70 6.90
52.6620-6.1127 34.09 15.10 0.86 7.70
52.6680-6.0883 34.14 14.70 0.84 10.70
52.6797-6.0002 34.37 18.10 0.70 8.60
52.6858-5.9475 34.42 11.60 0.70 6.90
52.6887-6.0890 34.10 14.90 0.88 7.50
52.7010-6.0832 33.85 14.90 0.83 11.20
52.7090-6.0018 34.37 11.90 0.70 7.40
52.7127-6.0662 34.12 14.20 0.85 7.80
52.7255-6.0805 33.98 15.00 0.83 10.80
52.7282-5.9035 34.39 11.20 0.70 6.80
52.7348-6.0015 34.39 11.60 0.70 7.20
52.7403-6.0437 34.27 12.70 0.82 7.80
52.7603-6.0908 33.27 14.90 0.80 10.50
52.7635-5.8847 34.36 11.60 0.70 6.80
52.7697-6.0013 34.39 14.60 0.66 7.70
52.7752-6.0207 34.29 13.10 0.81 7.80
52.7890-6.1253 32.01 17.10 0.87 12.00
52.7940-6.1317 29.10 22.50 0.76 9.10
52.7965-6.1232 33.83 21.40 0.78 11.80
52.7965-6.0000 33.18 14.10 0.68 8.40
52.7972-6.1293 31.24 19.40 1.06 11.70
52.7977-6.0023 34.37 13.20 0.79 10.30
52.7997-6.1068 33.91 15.50 0.76 9.10
52.7998-6.0283 32.24 14.40 0.70 8.60
52.8007-6.0640 34.02 14.60 0.82 8.80
LAT LONG SAL NTRZ PHOS SLCA
52.8008-6.0425 33.97 14.20 0.68 8.40
52.8015-6.0647 34.08 15.10 0.83 9.00
52.8017-6.0670 33.97 14.80 0.84 9.00
52.8043-6.1035 32.28 66.70 1.10 6.90
52.8142-5.8878 34.31 11.60 0.67 7.00
52.8282-6.0642 33.69 16.20 0.89 7.70
52.8525-6.0342 33.51 16.50 0.95 7.80
52.8593-5.8898 34.29 12.10 0.67 7.20
52.8760-6.0073 33.49 16.50 0.98 8.30
52.9035-5.9862 33.63 15.00 0.88 7.50
52.9052-5.8912 33.91 13.20 0.67 7.80
52.9405-5.9730 33.87 14.10 1.03 7.60
52.9527-5.8938 34.04 14.30 0.70 8.50
52.9665-5.9782 33.86 12.70 1.26 6.90
52.9887-5.8987 34.10 13.70 0.70 8.10
53.0007-5.9938 34.04 11.10 0.74 6.20
53.0392-5.9057 34.27 13.00 0.78 7.60
53.0435-6.0172 34.17 10.60 0.78 6.20
53.0730-6.0223 34.17 11.30 0.74 6.40
53.0768-5.9095 34.31 11.20 0.78 6.80
53.1132-6.0292 34.16 10.60 0.74 6.40
53.1543-6.0438 34.17 11.10 0.77 6.70
53.1872-6.0637 34.13 12.20 0.83 7.90
53.2213-6.0840 34.20 10.60 0.67 6.50
53.2688-6.0865 34.20 10.60 0.77 6.20
53.2820-6.0777 34.06 9.60 0.79 5.70
53.2868-6.0628 34.27 10.50 0.79 5.80
53.2958-6.0930 33.98 10.10 0.75 5.70
53.3012-6.0055 34.12 9.30 0.77 5.20
53.3053-6.0873 34.30 10.70 0.80 6.30
53.3120-6.1100 33.49 9.60 0.75 5.60
53.3255-6.1242 32.90 9.60 0.75 5.60
53.3325-6.0518 34.20 10.20 0.72 5.30
53.3327-5.9652 34.28 7.40 0.62 4.30
53.3432-6.1505 31.44 38.00 1.79 19.90
53.3435-6.1520 28.41 37.30 1.65 19.20
53.3435-6.1552 28.53 36.00 1.49 18.80
53.3435-6.1617 28.52 33.60 1.36 17.20
53.3437-6.1842 31.05 31.00 1.29 16.80
53.3437-6.1730 28.14 31.70 1.41 16.90
53.3437-6.1682 28.18 27.00 1.17 14.40
53.3437-6.1778 28.08 29.50 1.26 15.80
53.3437-6.1970 27.68 19.50 1.22 11.10
53.3438-6.1905 29.37 17.10 1.06 9.80
53.3442-6.2098 25.88 37.30 1.37 19.10
53.3455-6.2233 17.03 12.90 1.28 13.80
53.3455-6.2242 27.92 26.90 1.23 13.80
53.3490-6.0560 34.08 12.80 0.87 7.10
53.3878-6.0380 33.91 11.60 0.88 6.60
53.4343-6.0500 33.93 10.70 0.87 6.60
53.4728-6.0570 34.10 10.10 0.80 6.00
53.5213-6.0513 33.81 9.70 0.81 5.80
53.5575-6.0423 33.73 9.20 0.74 5.30
53.5990-6.0388 34.29 9.70 0.76 5.30
53.6230-6.0938 34.37 10.60 0.85 5.80
53.6433-6.1457 34.02 13.40 1.00 7.20
53.6455-6.0375 34.19 7.20 0.58 4.30
Table 7e: Nutrients data from the 94/95 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
53.6790-6.1845 34.33 15.00 1.12 8.00
53.6848-6.0367 34.17 7.20 0.58 4.50
53.7048-6.1975 33.73 14.80 1.04 7.70
53.7148-6.1990 33.43 18.30 1.04 9.40
53.7303-6.0372 34.21 7.80 0.66 4.60
53.7383-6.1993 32.65 12.80 0.96 6.90
53.7612-6.0365 34.34 9.30 0.67 5.20
53.7752-6.1923 33.14 11.10 0.89 6.10
53.7970-6.0357 34.06 9.10 0.65 5.70
53.8177-6.1858 33.75 11.10 0.89 6.20
53.8353-6.0333 34.22 7.60 0.65 4.50
53.8568-6.1722 33.96 10.70 0.87 5.90
53.8723-6.0307 34.37 8.50 0.68 4.80
53.8940-6.0295 34.44 9.40 0.76 5.20
53.9017-6.1532 34.05 10.40 0.77 5.80
53.9318-6.1133 34.12 11.20 0.81 6.40
53.9333-6.0273 34.09 7.80 0.75 6.20
53.9613-6.0728 33.95 13.50 0.87 7.50
53.9652-6.0262 33.89 8.90 0.72 5.10
53.9905-6.0372 34.23 9.90 0.77 5.80
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7e (cont.): Nutrients data from the 94/95 sampling year.  All nutrient concentrations in mmole l-1.
Salinity expressed in ‰.  Latitude and longitude in degrees decimal.
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LAT LONG SAL NTRZ PHOS SLCA
52.1980-5.8188 34.89 5.20 0.39 5.20
52.1987-6.1938 34.60 5.10 0.42 8.40
52.1992-6.2970 34.63 7.30 0.52 6.20
52.1995-5.8997 34.89 5.20 0.39 5.40
52.2000-6.1000 34.81 5.00 0.42 7.50
52.2022-5.9938 34.88 5.10 0.39 5.90
52.2147-5.6005 34.91 4.70 0.35 5.40
52.2912-6.3022 34.69 9.00 0.53 5.20
52.2912-6.3037 34.58 7.70 0.54 7.50
52.2980-5.9008 34.81 4.70 0.39 6.20
52.2995-6.2012 34.65 7.40 0.49 5.50
52.2995-6.1000 34.77 6.40 0.45 5.50
52.3003-5.8103 34.83 5.30 0.42 6.20
52.3008-5.6037 34.86 5.20 0.44 5.10
52.3013-6.3442 34.40 5.10 0.50 7.10
52.3020-5.9987 34.78 4.50 0.41 5.20
52.3475-6.1522 34.65 5.80 0.68 4.00
52.3497-5.6980 34.84 6.80 0.42 5.20
52.3500-5.9500 34.56 4.80 0.63 3.40
52.3500-5.8500 34.85 5.10 0.68 3.50
52.3500-6.0500 34.76 5.10 0.65 3.50
52.3503-6.3012 34.51 8.00 0.68 4.00
52.3528-6.2458 34.83 6.90 0.75 4.00
52.3970-6.1480 34.72 5.60 0.70 4.50
52.3988-5.8975 34.81 5.60 0.64 2.30
52.3988-6.2492 34.50 6.60 0.71 6.00
52.4000-5.6000 34.80 5.10 0.68 3.70
52.4000-6.0000 34.74 5.60 0.65 3.70
52.4000-6.0500 34.74 5.10 0.67 4.00
52.4003-5.8020 34.80 5.20 0.63 3.50
52.4972-6.1930 34.70 5.80 0.73 5.40
52.4972-6.1930 34.82 6.40 0.73 5.60
52.5000-5.8000 34.80 5.10 0.64 5.60
52.5003-5.8988 34.76 5.50 0.68 5.00
52.5003-6.0337 34.77 5.50 0.68 5.00
52.5013-6.0022 34.74 5.50 0.71 5.00
52.5020-5.5995 34.77 5.10 0.64 6.20
52.5992-6.0000 34.69 6.00 0.71 5.90
52.6000-5.9000 34.69 5.40 0.71 5.20
52.6000-5.9000 34.69 5.40 0.70 5.20
52.6012-6.0497 34.64 6.00 0.71 5.90
52.6222-5.8038 34.70 5.20 0.66 5.60
52.6995-5.8972 34.65 6.20 0.49 9.60
52.7005-5.6008 34.73 5.50 0.45 5.40
52.7022-6.0012 34.56 7.00 0.49 5.80
52.7120-5.8012 34.68 5.80 0.45 9.90
52.7500-5.7000 34.66 5.80 0.70 5.90
52.7512-6.0000 34.55 6.40 0.50 4.80
52.7977-5.6012 34.71 5.20 0.45 -----
52.7978-5.9033 34.43 7.50 0.49 3.60
52.7978-6.1005 33.50 16.50 0.50 12.40
52.7995-6.0022 34.33 7.00 0.47 5.70
52.8000-6.0525 33.89 8.40 0.35 6.00
52.8005-5.7920 34.41 7.00 0.53 -----
52.9000-6.0000 33.90 10.10 0.58 8.70
52.9003-5.8978 34.28 9.20 0.73 7.40
52.9003-5.8978 34.28 9.20 0.68 7.40
LAT LONG SAL NTRZ PHOS SLCA
52.9533-5.9855 33.83 15.00 0.58 10.70
53.1505-5.7153 33.97 7.00 0.46 6.30
53.1505-6.0503 33.97 7.00 0.46 6.30
53.2500-6.0500 33.77 7.00 0.52 5.80
53.2500-6.1000 33.96 8.70 0.71 7.90
53.4018-6.0493 33.62 13.90 0.92 9.50
53.4500-6.0527 33.96 14.80 0.92 9.20
53.4503-6.0030 33.72 10.70 0.67 8.40
53.4963-6.0528 33.65 11.40 0.83 8.40
53.5000-5.9972 34.14 10.00 0.80 7.50
53.5487-6.0517 34.14 14.30 0.92 9.20
53.5500-5.9997 34.24 14.50 0.85 7.00
53.5883-5.9970 34.18 10.50 0.77 7.50
53.5978-6.0478 34.20 11.20 0.67 7.80
53.6497-6.0495 34.12 11.20 0.71 5.40
53.6500-5.9555 34.33 9.00 0.65 7.00
53.6983-6.0988 34.05 13.40 0.92 9.20
53.6997-6.0028 34.41 9.00 0.80 7.00
53.7027-5.9000 34.34 9.50 0.80 7.00
53.7500-5.9500 34.11 9.50 0.83 6.30
53.7500-6.1000 34.05 11.40 0.86 7.90
53.7520-6.0497 34.37 9.80 0.83 6.60
53.7612-5.8513 34.35 9.10 0.77 7.50
53.7977-6.1013 33.48 11.60 0.71 9.20
53.8000-5.9000 33.81 11.80 0.86 7.50
53.8013-5.9988 34.22 12.50 0.86 8.40
53.8483-6.1020 33.62 20.20 0.92 9.90
53.8500-5.9500 33.70 18.30 0.98 9.90
53.8508-6.0505 33.83 18.10 0.95 9.90
53.8512-5.8483 34.19 11.40 0.89 9.80
53.8958-6.0538 33.72 15.70 0.95 8.70
53.9000-5.9000 33.60 14.40 0.95 9.50
53.9012-5.8012 33.92 14.40 1.05 6.90
53.9013-5.9988 33.69 15.90 0.95 8.70
53.9483-6.0492 33.48 17.80 1.07 8.80
53.9500-5.9500 33.46 23.00 1.07 10.40
53.9503-5.9993 33.50 22.80 1.07 9.90
53.9503-5.8522 33.82 17.50 1.07 10.00
53.9993-6.0510 33.27 27.00 1.07 12.50
54.0000-5.9000 33.11 23.20 1.07 11.50
54.0000-5.9500 33.43 24.40 1.07 11.50
54.0010-5.9995 33.58 19.00 1.07 10.50
54.0012-5.8462 33.64 22.70 1.07 10.10
54.0447-5.9488 33.44 27.00 1.10 10.50
54.0500-5.7997 33.29 26.20 1.07 13.20
54.0505-5.9003 33.04 27.00 1.10 12.10
54.0518-5.8598 32.98 27.00 1.10 14.00
Table 7f: Nutrients data from the 95/96 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
expressed in ‰.  Latitude and longitude in degrees decimal.
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
52.1770-5.6193 35.12 4.60 0.94 4.00
52.1970-5.8000 35.06 7.50 0.46 5.80
52.2000-6.2000 35.08 10.70 0.56 5.40
52.2012-6.0987 35.01 7.30 0.25 4.60
52.2062-5.8980 35.02 7.70 0.25 4.80
52.2118-6.2887 34.84 15.20 0.56 7.50
52.2888-5.6020 35.08 6.10 0.46 3.80
52.2922-6.1972 34.63 12.90 0.48 6.10
52.2980-5.8820 35.01 7.60 0.46 4.90
52.2983-5.9995 34.93 9.00 0.43 4.60
52.2988-6.0992 34.84 10.20 0.48 5.20
52.3008-6.3297 33.29 20.30 0.52 8.60
52.3063-5.8122 34.98 8.00 0.46 4.70
52.3070-6.3297 32.21 33.90 0.60 13.00
52.3155-6.2512 34.69 13.20 0.50 5.60
52.3370-6.1472 34.92 9.40 0.48 4.70
52.3403-6.2988 33.67 18.70 0.52 8.20
52.3437-6.1563 34.82 10.60 0.48 4.80
52.3488-6.2812 34.49 14.20 0.52 6.30
52.3492-5.9492 34.93 10.40 0.48 4.50
52.3513-5.9005 35.04 6.90 0.45 3.80
52.3513-5.7012 35.03 7.10 0.41 4.40
52.3580-6.3297 34.06 17.40 0.46 8.00
52.3870-5.6263 34.99 6.20 0.43 3.80
52.3987-6.0008 34.94 7.90 0.43 4.00
52.3987-5.8988 34.97 7.70 0.43 3.80
52.3995-5.8080 35.01 7.40 0.43 3.80
52.4000-6.1000 34.47 12.70 0.41 6.00
52.4003-6.2745 34.67 13.80 0.52 6.20
52.4005-6.0480 34.91 8.50 0.49 2.90
52.4013-6.0453 34.30 15.80 0.42 6.90
52.4830-6.0513 34.93 7.00 0.43 4.50
52.4833-5.9012 35.10 6.10 0.40 3.20
52.4913-5.5987 35.08 6.10 0.41 3.60
52.4987-6.1883 34.78 9.90 0.49 3.40
52.4987-5.9887 34.98 7.00 0.45 3.60
52.4992-5.9012 35.05 6.50 0.45 3.60
52.4995-6.0505 34.95 7.60 0.72 3.90
52.5013-6.1495 34.90 9.00 0.49 3.40
52.5978-6.1480 34.68 8.60 0.49 3.20
52.5987-5.7997 35.40 7.30 0.49 3.90
52.5987-6.0538 34.95 6.70 0.49 3.70
52.5988-6.1030 34.88 7.60 0.47 2.90
52.6000-6.0030 35.72 6.90 0.49 3.70
52.6012-5.6003 35.05 5.00 0.25 3.70
52.6017-5.9003 35.33 7.60 0.54 4.40
52.6987-5.9997 35.13 8.30 0.43 4.90
52.7003-6.0558 35.15 7.90 0.32 4.50
52.7005-6.0980 34.90 9.60 0.32 5.10
52.7012-5.8862 35.19 8.30 0.69 5.50
52.7012-5.6012 34.91 6.50 0.34 4.20
52.7112-5.8030 35.25 8.90 0.64 5.50
52.7497-6.0962 34.29 11.80 0.33 5.60
52.7497-6.0522 34.81 8.70 0.33 4.40
52.7500-6.0000 34.76 9.20 0.35 5.60
52.7500-5.7000 34.66 8.20 0.46 5.40
52.7512-5.6995 35.00 9.60 0.43 5.40
LAT LONG SAL NTRZ PHOS SLCA
52.7992-6.0012 35.09 8.30 0.33 4.40
52.7997-6.0513 34.36 10.00 0.37 5.10
52.8000-6.0000 34.37 11.10 0.60 6.60
52.8000-6.0988 34.35 10.90 0.33 5.60
52.8000-5.8000 35.22 10.00 0.60 6.00
52.8017-5.6003 34.73 7.50 0.36 5.10
52.8970-5.8797 34.40 11.90 0.53 6.70
52.8988-5.6000 34.68 7.50 0.54 5.00
52.9000-6.0000 34.24 9.70 0.27 5.60
52.9042-5.8097 34.48 10.30 0.55 6.70
52.9472-5.8625 34.60 8.70 0.53 6.70
52.9495-5.6992 35.11 6.30 0.40 4.90
52.9503-5.9633 34.33 11.30 0.64 7.90
52.9562-5.9525 35.10 11.90 0.64 7.90
52.9995-5.9662 35.17 10.40 0.59 7.50
52.9997-5.9163 35.30 8.60 0.56 7.20
53.0005-5.6022 35.06 6.50 0.54 3.90
53.0013-5.8008 34.92 7.60 0.61 6.30
53.0055-5.9950 34.96 11.60 0.60 8.40
53.0505-5.9442 33.49 11.40 0.65 8.00
53.0512-6.0005 34.36 11.90 0.65 7.50
53.1483-6.0487 33.04 12.60 0.79 8.30
53.1495-5.9522 34.49 9.30 0.61 8.00
53.1495-5.7005 35.02 6.40 0.34 4.30
53.1503-5.8500 35.01 6.90 0.40 4.70
53.1980-5.9987 34.23 11.30 0.66 8.40
53.1980-6.0488 34.09 13.10 0.77 8.00
53.2003-5.5987 35.02 6.40 0.34 4.30
53.2013-5.8970 34.49 11.70 0.65 7.00
53.2122-5.8133 34.61 7.70 0.58 6.20
53.2470-5.9488 34.59 11.70 0.70 7.50
53.2483-5.8495 35.00 7.60 0.59 6.30
53.2488-5.9980 34.09 13.10 0.77 8.00
53.2497-6.0997 33.95 13.70 0.83 7.80
53.2505-6.0463 34.02 12.80 0.82 8.30
53.2583-5.7012 34.59 6.20 0.46 6.20
53.2995-5.8162 34.98 6.80 0.34 6.00
53.2997-6.0045 34.50 11.60 0.51 8.70
53.3003-6.0522 34.35 12.60 0.69 8.60
53.3003-6.1022 34.27 12.90 0.69 9.00
53.3005-5.5972 34.99 6.40 0.34 4.80
53.3005-5.9012 34.66 9.70 0.45 7.60
53.3428-6.1455 28.58 36.20 3.23 19.50
53.3430-6.1987 26.59 41.90 0.95 23.80
53.3453-6.2222 5.13438.00 2.12264.00
53.3463-6.2387 8.19439.00 1.85267.00
53.3488-5.9488 33.98 13.80 0.75 9.00
53.3492-6.1008 33.56 15.00 0.90 9.70
53.3495-5.8503 34.71 9.10 0.43 7.50
53.3497-5.9992 33.79 11.70 0.80 11.20
53.3497-6.0545 33.20 15.90 0.90 9.60
53.3500-5.7020 34.63 5.20 0.56 6.70
53.3792-5.6955 35.02 6.90 0.50 4.00
53.3833-5.9892 34.99 9.10 0.66 6.90
53.3997-5.9020 34.88 7.70 0.58 6.40
53.4005-5.6013 34.96 5.90 0.32 5.40
53.4005-5.8000 34.93 7.60 0.62 6.30
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7g: Nutrients data from the 96/97 sampling year.  All nutrient concentrations in mmole l-1.  Sali ity
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LAT LONG SAL NTRZ PHOS SLCA
53.4488-6.0833 33.89 15.10 0.75 9.30
53.4497-5.8508 34.58 7.50 0.43 6.20
53.4500-5.7978 34.78 7.70 0.43 5.10
53.4503-5.5972 34.84 6.00 0.37 6.40
53.4505-6.0510 33.88 13.80 0.75 9.00
53.4508-5.9005 34.38 9.60 0.53 7.20
53.4512-5.9995 34.74 10.70 0.49 6.70
53.4513-5.7033 34.95 4.50 0.27 5.40
53.4513-5.9522 34.36 10.50 0.49 6.50
53.4980-6.0513 34.24 11.00 0.76 7.90
53.4988-6.0788 33.89 16.70 0.67 9.70
53.4988-5.5997 35.00 6.20 0.51 6.90
53.4992-5.8978 33.81 7.30 0.63 7.70
53.4992-5.8978 33.81 7.30 0.63 7.70
53.5012-5.8022 34.67 6.30 0.34 5.80
53.5480-5.9522 34.67 7.50 0.66 6.50
53.5487-6.0513 34.39 11.40 0.46 8.40
53.5488-5.7013 33.76 6.30 0.60 7.60
53.5493-5.8542 34.78 6.30 0.55 7.30
53.5493-5.8030 33.95 6.30 0.56 6.90
53.5503-6.0003 34.33 12.90 0.75 10.30
53.5518-6.0605 33.48 15.20 0.64 11.50
53.5980-5.7962 34.92 7.30 0.45 5.60
53.5993-6.1295 34.12 13.70 0.60 9.30
53.5997-6.0963 34.10 13.80 0.60 8.70
53.6008-6.0495 34.17 13.00 0.53 7.50
53.6062-6.0105 33.95 10.40 0.76 9.10
53.6070-5.6012 34.59 8.00 0.55 5.60
53.6125-5.9020 34.76 7.60 0.40 7.20
53.6395-5.9572 34.43 10.20 0.43 8.70
53.6438-5.8555 34.76 8.00 0.55 4.90
53.6480-6.1488 34.10 13.70 0.53 9.00
53.6483-5.7005 34.60 7.60 0.49 6.00
53.6488-6.1737 33.98 14.50 0.60 9.90
53.6503-6.0997 33.84 13.00 0.75 9.20
53.6568-6.0547 33.87 11.00 0.76 8.70
53.6853-5.9913 34.87 8.20 0.42 7.40
53.6983-6.1997 33.86 15.30 0.60 9.90
53.7005-6.1510 33.84 16.20 0.80 10.00
53.7008-5.8030 34.81 7.60 0.50 6.20
53.7045-5.6050 34.62 7.60 0.40 6.20
53.7062-6.0987 33.90 12.80 0.76 10.00
53.7470-6.1995 32.29 30.20 0.60 14.80
53.7488-6.1513 33.66 15.40 0.84 16.00
53.7493-5.9493 34.85 8.40 0.40 7.20
53.7522-6.0903 34.09 8.40 0.59 8.10
53.7550-6.0512 34.06 8.80 0.67 8.40
53.7558-5.6878 34.74 7.10 0.50 6.20
53.7567-5.6878 34.65 7.60 0.45 5.90
53.7680-5.7987 34.75 7.30 0.45 5.50
53.7968-6.0012 34.90 8.20 0.40 7.70
53.7988-6.0997 33.95 9.30 0.54 8.60
53.8003-6.1970 33.24 24.50 0.46 12.40
53.8013-6.1513 33.41 21.10 0.55 11.70
53.8020-5.6138 34.65 7.30 0.40 5.70
53.8487-6.0962 33.95 9.70 0.67 9.10
53.8487-6.2000 33.92 17.00 0.60 11.30
LAT LONG SAL NTRZ PHOS SLCA
53.8495-5.6963 34.79 7.30 0.45 5.70
53.8495-6.1513 34.01 15.90 0.60 10.80
53.8497-5.9538 34.43 8.00 0.42 7.70
53.8537-6.0547 33.75 10.20 0.53 8.90
53.8927-5.9927 34.77 8.00 0.38 7.90
53.8988-6.0500 34.04 7.50 0.48 7.90
53.8997-6.1980 33.88 16.70 0.70 10.90
53.8997-5.6088 34.67 7.00 0.40 5.90
53.9003-6.2375 32.74 25.80 0.70 14.10
53.9008-6.2692 32.22 31.90 0.75 16.20
53.9020-6.1475 34.02 14.70 0.60 10.50
53.9422-5.9595 34.78 7.20 0.40 7.70
53.9483-6.2680 32.24 25.00 0.75 14.00
53.9488-6.1497 34.30 16.70 0.60 10.90
53.9495-6.2403 33.44 20.20 0.61 12.20
53.9497-6.2003 33.75 16.90 0.60 10.90
53.9505-6.0397 34.68 8.80 0.40 8.30
53.9647-6.2750 32.45 25.90 0.51 14.80
53.9725-6.2958 32.37 28.90 0.59 17.60
53.9750-6.2883 32.29 28.50 0.59 16.20
53.9792-6.3055 32.29 29.40 0.54 16.40
53.9842-6.3105 31.71 25.00 0.54 16.90
54.0000-5.9000 34.47 7.90 0.86 7.90
54.0000-5.9500 34.47 8.00 0.65 0.70
54.0000-6.0000 34.27 9.50 0.70 8.70
54.0000-6.0500 34.09 10.10 0.65 9.00
54.0000-6.1000 34.39 10.10 0.75 9.20
54.0167-6.0500 34.14 10.90 0.72 10.00
54.0167-6.1000 33.83 13.90 0.75 11.40
54.0417-6.1333 33.76 14.40 0.81 11.90
54.0500-6.2000 33.12 20.10 0.96 15.30
54.0500-5.9000 34.46 7.90 0.72 8.00
54.0500-6.1500 33.56 16.20 0.86 13.10
54.0500-5.9000 34.43 8.10 0.65 8.40
54.0667-6.1942 33.14 19.40 0.96 15.20
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
52.6000-5.8000 34.91 6.50 0.40 3.30
52.6000-5.9000 34.75 8.10 0.44 3.50
52.6000-6.0000 34.71 11.10 0.22 5.50
52.6000-6.0500 34.65 11.90 0.44 5.70
52.6000-6.1000 34.57 9.60 0.29 4.00
52.6000-6.1500 34.38 13.00 0.42 5.10
52.6000-5.6000 35.18 6.80 0.40 3.70
52.7000-5.9000 34.69 9.30 0.56 4.10
52.7000-6.1000 34.35 14.30 0.32 6.90
52.7000-6.0000 34.61 9.60 0.43 4.60
52.7000-5.6000 35.07 5.70 0.37 2.50
52.7000-6.0500 34.50 11.30 0.35 5.10
52.7500-5.7000 34.86 8.80 0.46 4.00
52.7500-5.9500 34.68 8.60 0.28 4.10
52.7500-6.0000 34.65 9.00 0.28 4.20
52.7500-6.0500 34.61 10.60 0.33 5.10
52.8000-6.0500 34.49 10.20 0.50 4.30
52.8000-6.0000 34.58 10.90 0.63 5.20
52.8000-5.8000 34.47 11.10 0.66 4.40
52.8000-5.6000 34.97 7.50 0.38 3.00
52.8000-5.9000 34.64 11.30 0.39 5.70
52.9000-5.9000 34.42 13.70 0.64 5.70
52.9000-6.0000 34.10 16.90 0.42 7.60
52.9000-5.6000 34.81 8.20 0.60 4.20
52.9500-5.7000 34.43 13.40 0.55 5.70
52.9500-5.9500 34.34 15.10 0.46 6.50
52.9500-6.0000 34.27 13.10 0.51 5.40
52.9667-5.8500 34.43 12.60 0.58 5.30
52.9833-6.0000 34.34 12.60 0.43 4.60
53.0000-5.6000 34.60 12.50 0.57 5.30
53.0000-5.9500 34.30 13.30 0.67 5.10
53.0000-5.8000 34.49 12.50 0.59 5.10
53.0000-5.9000 34.39 12.30 0.59 5.20
53.0500-5.7000 34.67 11.60 0.58 4.90
53.0500-5.8500 34.51 11.80 0.42 3.20
53.0500-5.9500 34.38 12.60 0.47 4.10
53.0500-6.0000 34.31 12.80 0.75 6.30
53.1500-6.0500 34.20 15.50 0.44 6.50
53.1500-5.9500 34.55 8.90 0.44 4.00
53.2000-6.0167 34.20 15.80 0.57 7.10
53.2000-6.0000 34.27 14.90 0.46 6.90
53.2000-5.6000 34.93 7.60 0.48 1.90
53.2000-5.8000 34.60 11.20 0.45 2.70
53.2000-5.9000 34.48 10.80 0.47 3.70
53.2500-6.0500 34.02 13.70 0.66 6.30
53.2500-6.1000 34.08 15.10 0.71 6.10
53.2500-6.0000 34.35 14.10 0.43 6.50
53.2500-5.9500 34.63 9.40 0.41 4.50
53.2500-5.6833 34.70 8.80 0.11 -----
53.2667-5.8500 34.67 9.00 0.46 3.00
53.3000-5.9000 34.64 9.80 0.47 4.30
53.3000-5.9167 34.81 6.60 0.38 2.60
53.3000-5.9000 34.32 14.40 0.60 6.10
53.3000-6.0500 34.03 16.50 0.68 6.70
53.3000-6.1167 34.06 15.40 0.69 5.90
53.3000-5.6000 34.87 7.60 0.42 3.50
53.3500-6.1500 30.89 22.00 1.94 11.30
LAT LONG SAL NTRZ PHOS SLCA
53.3500-6.2000 28.40 20.60 0.36 4.00
53.3500-6.0000 33.92 15.10 0.90 6.40
53.3500-5.8500 34.75 6.30 0.42 2.50
53.3500-5.7000 34.92 6.90 0.33 2.10
53.3500-6.0500 34.85 16.70 0.83 7.10
53.3500-6.2333 24.22 20.30 0.81 8.80
53.4000-6.0500 33.94 17.00 0.75 7.50
53.4000-5.6000 34.97 6.10 0.35 2.80
53.4000-5.8000 34.98 6.90 0.45 3.70
53.4000-5.9000 34.68 10.10 0.44 4.80
53.4000-5.9500 34.54 8.70 0.46 3.30
53.4000-6.0000 34.17 14.80 0.69 6.60
53.4500-6.1000 34.00 13.00 0.67 5.00
53.4500-6.0500 34.02 9.50 0.65 3.90
53.4500-6.0000 34.57 11.10 0.66 5.70
53.4500-5.9500 34.61 10.50 0.61 5.50
53.4500-5.9000 34.74 8.40 0.54 4.30
53.4500-5.8500 34.91 7.50 0.42 4.20
53.4500-5.6000 34.99 5.80 0.37 2.20
53.4500-5.7000 34.99 6.70 0.29 3.50
53.5000-6.0000 34.66 10.20 0.63 5.40
53.5000-6.0500 34.58 8.70 0.51 3.90
53.5000-6.0833 34.45 10.00 0.55 4.00
53.5000-5.9000 34.80 8.70 0.54 4.70
53.5000-5.6000 34.97 5.60 0.71 2.40
53.5500-5.8000 34.77 4.80 0.25 1.60
53.5500-5.8500 34.83 4.60 0.31 1.80
53.5500-5.9500 34.68 9.10 0.45 4.30
53.5500-6.0000 34.57 8.70 0.42 3.30
53.5500-6.0500 34.46 10.50 0.61 3.80
53.6000-6.0500 34.50 10.20 0.47 4.10
53.6000-6.1000 34.53 12.20 0.48 5.30
53.6000-6.0000 34.69 10.50 0.59 5.40
53.6000-5.9000 34.80 10.00 0.51 4.20
53.6000-5.8000 34.64 7.30 0.25 1.50
53.6000-5.6000 34.65 6.90 0.53 3.00
53.6500-5.8500 34.75 6.80 0.45 4.00
53.6500-5.9500 34.80 7.40 0.53 4.10
53.6500-6.0500 34.60 11.40 0.38 2.90
53.6500-6.1000 34.51 9.00 1.29 7.10
53.6500-6.1500 34.50 12.00 0.53 5.80
53.6500-6.2000 34.50 13.50 0.60 6.00
53.6500-5.7000 34.67 7.30 0.37 4.10
53.7000-5.6000 34.61 6.50 0.43 2.80
53.7000-6.1500 34.50 9.00 0.44 3.80
53.7000-6.2000 34.45 12.90 0.61 6.40
53.7000-6.0000 34.72 8.00 0.49 3.80
53.7000-6.1000 34.58 9.70 0.53 4.40
53.7000-5.8000 34.57 7.90 0.34 3.20
53.7000-5.9000 34.81 8.40 0.58 5.20
53.7500-6.2000 34.30 11.20 0.50 4.80
53.7500-5.8500 34.51 8.70 0.33 3.30
53.7500-5.9500 34.75 7.80 0.58 4.40
53.7500-6.0500 34.73 6.90 0.49 3.30
53.7500-6.1000 34.44 8.30 0.57 4.00
53.7500-6.1500 34.32 11.80 0.61 5.30
53.7600-5.7000 34.64 11.00 0.78 4.20
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
53.8000-5.6000 34.61 7.20 0.52 3.50
53.8000-6.2000 34.24 13.40 0.54 6.10
53.8000-6.1500 33.57 22.00 0.70 9.50
53.8000-6.0000 34.64 8.40 0.52 3.70
53.8000-5.8000 34.60 8.30 0.64 5.10
53.8000-5.9000 34.71 8.80 0.61 5.30
53.8500-5.9500 34.53 11.70 0.52 5.00
53.8500-6.2000 34.24 10.70 0.42 4.50
53.8500-6.1000 34.35 10.50 0.62 5.30
53.8500-6.0500 34.44 10.50 0.53 5.00
53.8500-5.8500 34.62 6.10 0.53 3.50
53.8500-6.1500 34.26 15.10 0.60 7.30
53.8667-5.8500 34.32 12.70 0.52 6.90
53.9000-6.2000 34.42 10.00 0.54 4.60
53.9000-6.1000 34.36 12.50 0.66 6.30
53.9000-6.2500 34.19 11.70 0.55 5.50
53.9000-6.1500 34.42 12.00 0.50 5.60
53.9000-6.0500 34.53 9.30 0.55 4.80
53.9000-6.0000 34.56 9.40 0.52 4.60
53.9000-5.9000 34.36 10.30 0.62 5.70
53.9000-5.8000 34.42 10.70 0.25 1.60
53.9000-5.6000 34.57 8.40 0.53 4.30
53.9000-6.2833 33.85 14.00 0.59 6.70
53.9500-6.2500 33.87 11.50 0.50 4.20
53.9500-6.3000 33.74 12.60 0.51 5.00
53.9500-6.1500 34.18 9.90 0.45 4.00
53.9500-6.1000 34.25 10.30 0.49 4.40
53.9500-6.2000 34.12 13.70 0.51 4.90
53.9500-5.7000 34.57 6.30 0.46 2.70
53.9500-5.9500 34.41 9.90 0.55 4.80
53.9500-6.0000 34.40 9.80 0.53 4.90
53.9500-6.0500 34.45 5.50 0.40 1.60
54.0000-5.8000 34.26 9.90 0.48 4.30
54.0000-5.8500 34.30 9.10 0.47 4.00
54.0000-5.9000 34.59 8.10 0.51 3.60
54.0000-5.9500 34.32 9.80 0.51 4.40
54.0000-6.0000 34.09 10.20 0.51 4.20
54.0000-6.0500 33.92 11.00 0.54 4.70
54.0000-5.6000 34.57 8.10 0.57 3.30
54.0500-5.7000 34.33 9.70 0.52 4.60
54.0500-6.1500 33.47 14.10 0.64 7.10
54.0500-5.9500 34.27 11.20 0.59 5.90
54.0500-5.9000 34.26 12.70 0.53 5.00
54.0500-5.7833 34.24 11.00 0.51 5.10
54.0500-5.8500 34.26 12.50 0.56 5.70
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7h (cont.): Nutrients data from the 97/98 sampling year.  All nutrient concentrations in mmole l-1.
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LAT LONG SAL NTRZ PHOS SLCA
51.9000-6.9000 34.46 12.50 0.53 6.80
51.9000-7.0000 34.36 12.30 0.50 7.50
51.9000-6.8000 34.56 11.20 0.50 6.10
51.9000-6.7000 34.95 8.30 0.46 4.80
51.9000-6.6000 34.94 8.40 0.50 4.90
51.9000-6.5000 35.17 5.70 0.42 4.00
51.9000-6.4000 35.22 6.40 0.35 3.80
51.9000-6.2000 35.22 6.40 0.10 3.40
51.9000-6.0000 35.21 5.60 0.32 3.30
51.9000-6.1000 35.22 5.60 0.33 3.50
52.0000-6.1000 35.28 5.50 0.41 3.20
52.0000-7.0000 34.19 14.60 0.55 7.30
52.0000-6.8833 33.76 19.80 0.48 8.30
52.0000-6.7833 34.27 14.60 0.63 7.80
52.0000-6.6833 34.79 10.50 0.53 6.00
52.0000-6.5833 34.94 9.20 0.49 5.30
52.0000-6.4833 34.82 7.80 0.46 4.70
52.0000-6.3833 35.01 8.40 0.45 4.90
52.0000-5.9000 35.13 5.90 0.34 3.40
52.0000-6.1833 35.28 6.30 0.43 3.50
52.0000-6.0000 35.20 5.60 0.32 3.40
52.0000-6.2833 35.16 7.00 0.43 4.10
52.0833-6.9000 34.07 26.80 0.66 7.80
52.1000-6.1167 35.20 6.60 0.40 3.80
52.1000-7.0000 30.34 15.00 0.70 16.70
52.1000-6.2167 35.05 8.00 0.43 4.60
52.1000-6.7167 34.45 11.50 0.58 9.70
52.1000-6.6167 34.54 10.10 0.53 13.20
52.1000-6.5167 34.59 9.80 0.53 13.90
52.1000-6.3167 34.80 8.70 0.48 6.30
52.1000-6.4167 34.69 9.40 0.51 6.50
52.1000-5.9000 35.17 5.90 0.71 3.20
52.1000-6.0000 35.18 5.60 0.33 4.20
52.1000-5.8000 35.17 5.10 0.31 3.60
52.1167-6.8000 34.20 13.80 0.60 8.60
52.1333-6.6500 34.26 12.10 0.61 7.90
52.1500-6.4500 34.61 10.30 0.53 8.90
52.1500-6.5500 34.35 12.30 0.56 7.70
52.1500-6.7333 34.23 14.00 0.61 8.20
52.1500-6.9500 27.81 15.00 0.82 41.30
52.1667-6.7833 33.18 32.50 0.87 19.70
52.1667-6.6833 34.34 12.70 0.61 8.30
52.2000-6.1000 34.82 8.80 0.47 8.40
52.2000-6.0000 35.04 6.60 0.35 4.00
52.2000-5.9000 35.14 6.40 0.35 3.60
52.2000-6.3000 33.61 3.50 0.08 9.90
52.2000-6.9333 23.03100.40 1.07 51.10
52.2000-5.6000 35.15 4.00 0.27 2.10
52.2000-5.8000 35.18 6.30 0.33 3.40
52.2167-6.1833 34.52 11.20 0.52 7.00
52.2500-6.9833 11.79148.10 1.26 67.50
52.2667-7.0000 6.42217.50 1.26 61.60
52.3000-6.3500 33.63 3.50 0.10 12.80
52.3000-5.8000 35.17 6.10 0.32 3.30
52.3000-5.9000 35.13 6.50 0.35 3.40
52.3000-6.0000 34.83 8.70 0.38 5.20
52.3000-6.1000 34.67 23.70 2.37 5.80
LAT LONG SAL NTRZ PHOS SLCA
52.3000-6.2000 34.35 13.80 0.51 8.20
52.3000-6.2500 34.29 14.90 0.52 8.50
52.3000-6.3000 33.68 4.10 0.13 10.20
52.3000-5.6000 35.14 5.20 0.31 2.60
52.3500-5.8500 35.15 6.20 0.31 3.20
52.3500-6.1500 34.46 12.00 0.50 7.20
52.3500-5.7000 35.12 6.00 0.36 3.20
52.3500-6.3333 33.22 3.80 0.14 14.10
52.3500-6.2500 34.06 14.00 0.55 10.90
52.3500-6.3000 33.59 3.90 0.10 10.50
52.3500-6.0500 34.67 25.40 0.75 6.10
52.4000-5.6000 35.12 6.40 0.34 3.30
52.4000-5.8000 35.07 6.90 0.34 3.90
52.4000-5.9000 34.98 7.80 0.34 4.20
52.4000-6.0000 34.78 9.70 0.39 5.50
52.4000-6.0333 34.70 26.30 2.11 8.80
52.4000-6.1500 34.52 11.50 0.48 7.50
52.4000-6.2500 34.26 12.20 0.52 7.80
52.4000-6.2833 34.06 14.40 0.51 8.60
52.5000-5.6000 35.05 7.00 0.37 3.60
52.5000-6.1833 34.14 14.20 0.54 8.60
52.5000-6.1500 34.94 13.70 0.54 8.00
52.5000-6.0500 34.27 11.40 0.51 6.50
52.5000-6.0000 34.54 10.40 0.47 7.30
52.5000-5.8000 34.88 7.90 0.36 4.30
52.5000-5.9000 34.64 8.60 0.36 4.90
52.6000-5.6000 35.05 5.10 0.35 3.60
52.6000-6.1500 34.19 13.30 0.50 8.20
52.6000-6.1000 34.37 13.00 1.04 6.90
52.6000-6.0500 34.51 10.70 0.53 6.70
52.6000-6.0000 34.55 2.20 0.46 6.20
52.6000-5.9000 34.65 9.00 0.40 5.80
52.6167-5.8000 34.78 9.80 0.45 5.00
52.7000-6.1000 34.24 7.30 0.43 5.00
52.7000-6.0500 34.42 11.20 0.50 7.00
52.7000-5.9000 34.62 9.70 0.43 5.80
52.7000-6.0000 34.41 3.40 0.16 6.70
52.7000-5.6000 34.94 8.20 0.39 4.10
52.7000-5.8000 34.66 8.80 0.46 5.00
52.7500-6.1000 33.96 20.50 1.13 11.10
52.7500-6.0500 34.44 7.80 0.46 7.70
52.7500-5.7000 34.82 8.40 0.39 4.70
52.7500-6.0000 34.46 11.10 0.53 6.20
52.8000-5.6000 34.76 8.70 0.41 4.90
52.8000-6.1000 34.07 13.50 0.52 7.70
52.8000-6.0000 34.39 12.60 0.55 6.90
52.8000-6.0500 34.18 14.40 0.58 7.40
52.9000-5.6000 34.62 8.20 0.42 4.70
52.9000-5.8000 34.27 16.30 1.06 6.30
52.9000-5.9000 34.19 23.90 1.07 6.90
52.9000-6.0000 33.92 16.70 0.76 7.20
52.9500-5.9500 33.79 19.00 1.04 7.20
52.9500-6.0000 33.85 22.90 1.38 7.40
52.9500-5.8500 34.27 17.80 1.20 5.70
52.9500-5.7000 34.61 10.50 0.69 5.90
53.0000-5.9000 34.32 12.50 0.86 5.50
53.0000-5.6167 34.63 7.40 0.49 5.90
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
53.0000-5.9500 33.97 17.80 1.07 6.70
53.0000-6.0000 34.07 16.30 1.29 6.30
53.0000-5.8000 34.61 9.70 0.62 5.70
53.0500-5.9500 34.38 7.80 0.46 4.30
53.0500-6.0000 34.37 11.30 0.52 6.10
53.0500-5.8500 34.58 8.30 0.49 4.60
53.0500-5.7000 34.63 8.20 0.38 4.90
53.1500-5.8500 34.47 7.70 0.47 4.30
53.1500-5.7000 34.63 6.20 0.27 0.80
53.1500-5.9500 34.50 10.20 0.51 5.50
53.1500-6.0500 34.44 9.40 0.51 5.60
53.2000-6.0500 34.23 11.40 0.63 6.20
53.2000-5.6000 34.71 7.80 0.31 2.20
53.2000-5.8000 34.61 7.00 0.47 4.40
53.2000-5.9000 34.55 7.70 0.49 4.70
53.2000-6.0000 34.53 8.50 0.48 5.00
53.2000-6.0500 34.47 9.00 0.49 5.30
53.2500-6.1000 34.32 8.60 0.60 5.10
53.2500-6.0000 34.15 12.20 0.61 6.30
53.2500-5.6000 34.69 6.70 0.32 3.90
53.2500-5.7000 34.61 6.80 0.32 1.80
53.2500-5.4000 34.77 3.80 0.34 1.50
53.2500-5.5000 34.70 6.10 0.29 0.90
53.2500-5.9500 34.28 10.40 0.57 5.90
53.2500-5.8500 34.59 7.30 0.48 4.50
53.3000-5.5500 34.67 5.70 0.29 0.90
53.3000-5.5000 34.70 6.10 0.31 1.60
53.3000-5.4500 34.73 6.60 0.41 2.60
53.3000-5.4000 34.74 5.50 0.41 2.60
53.3000-5.9000 34.53 7.30 0.47 4.50
53.3000-6.1000 33.56 19.10 0.54 7.70
53.3000-6.0000 34.20 11.50 0.58 6.10
53.3000-5.8000 34.62 6.80 0.46 4.10
53.3000-5.6000 34.65 6.20 0.43 4.60
53.3000-6.0500 34.23 11.60 0.57 6.10
53.3500-6.0000 34.26 7.00 0.46 4.50
53.3500-5.4500 34.69 6.70 0.29 1.70
53.3500-5.4000 34.73 5.40 0.39 2.80
53.3500-6.2000 27.04 15.00 1.19 22.80
53.3500-6.1500 33.55 14.10 0.66 7.90
53.3500-6.0500 34.27 14.20 0.17 6.10
53.3500-6.2167 15.78 15.00 1.51 44.20
53.3500-5.9500 34.09 9.30 0.50 5.80
53.3500-5.8500 34.58 7.10 0.40 5.10
53.3500-5.7000 34.63 6.00 0.33 1.40
53.3500-5.5500 34.66 6.00 0.33 1.70
53.3500-5.6000 34.64 6.70 0.32 5.10
53.3500-5.5000 34.65 6.60 0.34 2.10
53.3500-6.1000 33.95 17.90 0.92 5.00
53.4000-5.4000 34.71 6.60 0.45 3.40
53.4000-5.4500 34.67 5.50 0.32 1.50
53.4000-5.5000 34.63 6.80 0.33 1.60
53.4000-5.5500 34.61 6.50 0.35 2.20
53.4000-6.0500 34.19 8.20 0.51 10.10
53.4000-6.0000 34.21 6.90 0.45 6.70
53.4000-5.9500 33.97 15.00 0.76 11.40
53.4000-5.9000 33.94 24.40 1.33 9.00
LAT LONG SAL NTRZ PHOS SLCA
53.4000-5.6000 34.61 6.50 0.34 2.20
53.4000-5.8000 34.62 5.50 0.41 4.00
53.4500-5.4000 34.69 47.00 0.40 2.50
53.4500-5.4500 34.57 6.20 0.45 3.80
53.4500-5.7000 34.61 6.50 0.46 3.40
53.4500-5.5000 34.64 4.50 0.37 2.20
53.4500-5.5500 34.70 6.30 0.32 1.60
53.4500-6.0500 34.19 6.80 0.47 3.20
53.4500-5.5500 34.63 5.60 0.41 2.50
53.4500-5.6000 34.63 4.30 0.41 2.10
53.4500-5.8000 34.63 6.20 0.42 3.10
53.4500-5.9000 34.49 8.00 0.49 4.40
53.4500-5.8500 34.63 5.30 0.41 2.60
53.4500-6.0000 34.25 11.80 0.77 5.20
53.4500-6.1000 34.09 7.40 0.49 6.10
53.4500-5.9500 34.24 13.60 0.51 5.50
53.5000-6.0833 33.95 12.50 0.78 5.20
53.5000-5.6000 34.62 4.30 0.40 2.00
53.5000-5.8000 34.64 4.20 0.36 1.70
53.5000-6.0000 34.35 6.80 0.44 4.10
53.5000-6.0500 34.44 5.00 0.41 2.40
53.5167-5.9000 34.63 4.90 0.41 2.30
53.5500-5.7000 34.56 5.10 0.43 3.10
53.5500-5.8000 34.62 5.80 0.42 2.10
53.5500-5.9500 34.01 8.10 0.51 4.70
53.5500-6.0000 34.02 8.00 0.55 6.10
53.5500-6.0500 33.92 13.70 0.54 6.70
53.5500-5.8500 34.62 4.60 0.36 2.20
53.5833-6.1167 33.70 10.10 0.56 6.10
53.6000-5.6000 34.57 5.60 0.43 3.10
53.6000-5.8000 34.60 3.90 0.43 2.50
53.6000-5.9000 34.60 4.50 0.42 2.70
53.6000-6.0000 32.85 28.30 0.77 8.50
53.6000-6.0500 33.66 9.30 0.59 5.20
53.6000-6.1000 33.72 8.20 0.55 4.90
53.6500-5.8500 34.61 5.40 0.47 3.40
53.6500-6.0667 32.75 4.30 0.11 8.00
53.6500-5.9500 34.53 6.50 0.52 4.30
53.6500-6.1667 33.78 12.00 0.63 7.50
53.6500-6.1500 33.95 9.40 0.58 5.40
53.6500-6.1000 33.76 12.20 0.65 7.40
53.6500-5.7000 34.64 4.80 0.41 2.90
53.7000-6.2000 33.50 1.70 10.65 8.30
53.7000-6.1500 33.52 10.90 0.53 5.50
53.7000-6.1000 33.30 14.50 0.61 7.30
53.7000-6.0000 34.59 4.70 0.40 3.10
53.7000-5.9000 34.61 5.80 0.48 3.20
53.7000-5.8000 34.60 4.80 0.46 3.30
53.7000-5.6000 34.53 6.20 0.52 4.20
53.7500-5.7000 34.65 4.80 0.45 2.40
53.7500-6.2167 33.43 12.70 0.63 10.20
53.7500-6.1000 33.81 9.10 0.63 2.90
53.7500-6.0500 34.25 8.30 0.48 3.90
53.7500-5.9500 34.60 4.70 0.38 4.20
53.7500-5.8500 34.60 5.10 0.37 5.30
53.7500-6.1500 33.42 11.10 0.58 8.60
53.7500-6.2000 31.71 7.30 0.11 10.40
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
53.8000-6.1000 33.97 15.90 0.36 7.20
53.8000-6.0000 34.58 6.30 0.43 0.30
53.8000-5.9000 34.60 4.80 0.38 2.80
53.8000-5.8000 34.59 4.70 0.40 3.10
53.8000-5.6000 34.51 5.90 0.49 3.90
53.8000-6.2000 34.03 8.00 0.50 4.50
53.8000-6.1500 33.55 9.60 0.56 5.10
53.8500-5.7000 34.56 6.60 0.50 3.80
53.8500-5.8500 34.61 6.90 0.45 4.10
53.8500-5.9500 34.57 6.80 0.47 4.80
53.8500-6.0500 33.92 7.30 0.56 7.20
53.8500-6.1000 34.00 5.60 0.46 3.40
53.8500-6.1500 33.38 8.30 0.61 5.60
53.8500-6.2000 32.80 13.60 0.68 4.50
53.9000-5.9000 34.58 7.30 0.46 4.50
53.9000-6.2833 32.56 11.70 0.63 7.90
53.9000-5.8000 34.61 7.00 0.44 4.20
53.9000-6.0000 34.15 8.70 0.55 5.50
53.9000-6.0500 33.93 7.80 0.60 7.30
53.9000-6.1000 34.09 10.60 0.68 6.60
53.9000-6.1500 33.42 11.00 0.69 8.80
53.9000-6.2000 33.51 21.30 0.79 9.00
53.9000-6.2500 32.89 21.50 0.64 10.60
53.9000-5.6000 34.54 6.10 0.48 3.50
53.9500-6.0500 33.65 6.80 0.53 5.00
53.9500-6.2833 31.37 64.40 7.41 17.20
53.9500-6.2500 32.84 23.50 0.72 11.90
53.9500-6.2000 33.64 11.60 0.66 8.90
53.9500-6.1000 34.15 8.70 0.56 6.50
53.9500-6.0000 34.02 13.10 0.74 6.50
53.9500-5.9500 34.07 5.30 0.51 3.80
53.9500-5.8500 34.44 3.50 0.43 2.60
53.9500-5.7000 34.33 7.20 0.51 4.30
53.9500-6.1500 33.92 9.80 0.63 7.80
54.0000-5.6000 34.47 6.10 0.56 4.20
54.0000-6.0500 33.18 11.40 0.61 8.60
54.0000-6.0000 33.95 10.00 0.63 6.50
54.0000-5.9500 33.90 7.70 0.60 5.10
54.0000-5.9000 33.99 5.00 0.52 13.50
54.0000-5.8000 34.06 5.90 0.55 4.50
54.0000-5.8500 34.06 5.50 0.55 4.00
54.0500-6.1500 30.46 25.40 4.06 14.90
54.0500-5.9500 33.93 7.50 0.62 5.40
54.0500-5.9000 33.81 10.10 0.71 7.40
54.0500-5.8500 33.90 10.20 0.71 7.70
54.0500-5.8000 33.92 7.00 0.67 5.30
54.0500-5.7000 34.02 6.70 0.62 5.40
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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LAT LONG SAL NTRZ PHOS SLCA
51.9988-6.4990 34.82 8.68 0.46 5.43
51.9992-6.3003 34.85 8.68 0.49 5.03
51.9992-5.9020 34.90 6.77 0.48 3.92
51.9995-6.4020 34.85 9.41 0.53 5.18
51.9997-6.0962 34.70 9.22 0.51 5.44
51.9998-6.6965 34.73 10.20 0.55 5.41
51.9998-6.6028 34.77 12.78 0.61 6.76
52.0000-6.2013 34.70 9.86 0.54 5.79
52.0002-6.8005 34.70 13.23 0.67 6.88
52.0002-6.9005 34.28 17.59 0.72 7.34
52.0005-6.0017 34.82 6.98 0.47 4.31
52.0033-7.0012 33.92 13.79 0.63 5.72
52.0843-5.8015 34.81 7.04 0.45 4.31
52.0967-6.9840 34.66 11.24 0.56 5.04
52.0982-7.0000 32.71 20.09 0.10 12.99
52.0995-6.2035 34.69 8.26 0.38 5.79
52.0997-6.1038 34.69 9.69 0.51 5.23
52.0998-6.8008 34.57 9.98 0.59 4.56
52.0998-6.2978 34.78 10.69 0.54 6.12
52.0998-6.3990 34.73 12.52 0.62 6.50
52.1000-5.8998 34.85 5.53 0.40 3.40
52.1002-6.0020 34.71 7.91 0.46 4.59
52.1002-6.7008 34.63 12.72 0.65 6.68
52.1005-6.4997 34.70 10.93 0.58 5.63
52.1035-6.6045 34.58 14.58 0.67 7.34
52.1487-6.6490 34.54 16.83 0.70 4.07
52.1487-6.4540 34.66 13.82 0.66 6.95
52.1498-6.8505 34.72 14.06 0.71 7.16
52.1500-6.7503 34.65 11.51 0.60 5.21
52.1502-6.5452 34.49 15.95 0.72 7.84
52.1503-6.9490 32.96 23.71 0.80 9.91
52.1733-6.8017 34.39 16.57 0.69 7.78
52.1742-6.6980 34.44 15.92 0.69 7.71
52.1978-6.9373 24.83 72.80 1.23 26.68
52.1993-5.9232 34.73 8.59 0.51 4.89
52.1995-5.7898 34.87 7.38 0.46 4.36
52.1995-5.6000 34.80 6.28 0.44 3.61
52.2003-6.0903 34.70 8.32 0.48 4.31
52.2010-6.2995 34.61 14.16 0.63 6.94
52.2013-6.0002 34.71 8.96 0.48 4.75
52.2115-6.1970 34.74 11.98 0.59 6.22
52.2537-6.9955 17.22 78.40 1.20 31.85
52.2747-7.0063 15.73 83.30 1.11 29.50
52.2983-5.9972 34.54 9.03 0.49 4.70
52.2988-5.5995 34.75 6.50 0.39 3.84
52.3000-6.2502 34.39 9.86 0.44 4.66
52.3000-6.0847 34.57 10.60 0.53 5.76
52.3000-6.1993 34.62 10.35 0.52 5.45
52.3002-6.3503 34.04 16.27 0.44 6.95
52.3002-6.3003 34.45 12.67 0.46 6.69
52.3008-5.9012 34.60 5.76 0.44 2.02
52.3012-5.8017 34.75 4.99 0.37 2.64
52.3490-6.3000 34.34 14.29 0.56 6.47
52.3497-6.1493 34.57 7.47 0.44 2.59
52.3497-6.1493 34.44 11.68 0.46 5.46
52.3498-5.8497 34.67 6.75 0.46 4.03
52.3500-5.6833 34.75 7.26 0.48 4.21
52.3502-6.3283 34.13 12.03 0.43 5.49
LAT LONG SAL NTRZ PHOS SLCA
52.3512-6.0483 34.55 10.61 0.56 6.42
52.3517-5.9473 34.54 6.59 0.46 4.16
52.3837-5.7998 34.73 7.51 0.54 4.78
52.3967-6.2468 34.58 9.45 0.53 4.12
52.3983-6.2963 34.44 10.31 0.47 4.72
52.3990-5.8997 34.58 6.61 0.50 3.81
52.3995-5.6003 34.71 7.06 0.47 4.61
52.3997-5.9990 34.54 8.26 0.46 1.72
52.4002-6.0473 34.56 7.84 0.42 4.15
52.4835-5.8993 34.51 8.50 0.54 4.84
52.4835-6.1490 34.58 8.70 0.51 4.38
52.4992-6.1865 34.50 9.11 0.53 4.64
52.4997-6.0010 34.53 8.36 0.45 4.52
52.4997-6.1505 34.60 8.22 0.46 4.21
52.5002-6.0462 34.56 9.69 0.58 4.51
52.5010-5.6003 34.57 5.83 0.47 3.73
52.5955-5.9005 34.44 7.57 0.54 4.56
52.5982-6.1482 34.35 14.05 0.53 5.93
52.5997-5.5995 34.48 4.27 0.42 3.14
52.5998-6.0533 34.48 12.42 0.57 5.71
52.5998-6.0047 34.45 8.87 0.52 4.91
52.6000-6.1033 34.42 10.06 0.43 4.88
52.6018-5.7987 34.54 7.71 0.65 4.56
52.6927-5.8993 34.26 7.00 0.35 4.03
52.6985-5.5998 34.46 6.05 0.41 4.07
52.6990-6.0997 34.32 10.62 0.43 4.39
52.7002-6.0005 34.39 8.37 0.39 4.86
52.7005-6.0503 34.42 8.26 0.43 4.54
52.7012-5.7987 34.35 7.94 0.44 4.65
52.7498-6.0515 34.38 8.39 0.49 4.05
52.7498-6.0008 34.34 7.96 0.45 4.19
52.7500-6.0982 34.12 9.92 0.45 3.95
52.7515-5.9485 34.29 7.43 0.46 4.42
52.7985-5.9007 34.22 8.34 0.51 4.39
52.7993-5.7995 34.22 8.31 0.52 4.62
52.8000-6.1100 34.15 10.48 0.49 4.87
52.8003-6.0505 34.36 8.69 0.56 4.72
52.8020-5.6005 34.50 6.19 0.46 3.89
52.8977-5.8005 34.25 8.02 0.56 4.57
52.9007-6.0002 34.06 10.53 0.51 5.06
52.9023-5.6002 34.31 7.45 0.57 4.71
52.9490-5.9530 34.03 8.58 0.52 4.60
52.9497-5.9760 34.05 12.43 0.61 6.02
52.9508-5.7050 34.41 5.58 0.48 3.99
52.9508-5.8505 34.26 7.53 0.58 4.75
52.9962-5.7993 34.42 7.14 0.58 5.19
52.9962-5.7993 34.35 5.39 0.45 3.92
52.9983-5.6032 34.40 8.13 0.66 4.88
52.9993-6.0010 34.13 9.24 0.63 5.86
53.0010-5.9482 34.12 11.12 0.68 6.65
53.0500-5.9993 34.21 9.31 0.74 5.17
53.0520-5.9500 34.22 9.41 0.68 6.25
53.1488-5.9478 34.44 7.35 0.66 5.16
53.1488-5.8500 34.33 5.57 0.54 3.60
53.1510-6.0505 34.12 8.25 0.66 4.00
53.1542-5.6998 34.39 7.10 0.56 4.76
53.1985-5.8983 34.24 5.24 0.52 4.19
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
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expressed in ‰.  Latitude and longitude in degrees decimal.
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53.1992-5.9987 34.25 5.31 0.49 4.05
LAT LONG SAL NTRZ PHOS SLCA
53.1998-5.8015 34.30 5.88 0.56 4.75
53.2002-6.0500 34.08 8.82 0.72 5.76
53.2007-5.6002 34.27 6.06 0.57 4.32
53.2490-5.7000 34.30 6.15 0.54 4.89
53.2492-5.9998 33.92 8.22 0.72 4.82
53.2493-5.5015 34.36 5.35 0.48 3.78
53.2495-5.4515 34.38 5.45 0.50 3.99
53.2497-6.0500 34.01 9.21 0.81 5.24
53.2498-6.0998 34.05 9.00 0.77 5.52
53.2500-5.5993 34.29 5.47 0.49 4.10
53.2500-5.4045 34.38 6.59 0.54 4.59
53.2502-5.5513 34.28 5.71 0.54 3.45
53.2518-5.8502 34.22 5.04 0.50 3.18
53.2532-5.9547 34.24 5.52 0.57 3.84
53.2848-6.0985 34.01 9.69 0.71 4.58
53.2960-5.5475 34.26 4.34 0.51 2.51
53.2977-5.4505 34.31 3.89 0.44 2.76
53.2980-5.4000 34.37 4.24 0.45 2.71
53.2982-5.8990 34.21 7.36 0.66 4.56
53.2983-5.5000 34.30 4.19 0.47 2.61
53.2987-6.0498 33.78 11.28 0.86 7.31
53.2998-5.5995 34.22 4.45 0.49 2.78
53.3000-5.7987 34.21 5.20 0.55 3.50
53.3035-6.0000 33.82 7.91 0.68 5.24
53.3427-6.1347 33.89 7.88 0.90 5.07
53.3437-6.1892 27.16 36.67 2.06 21.80
53.3453-6.2230 15.29 69.65 1.43 41.24
53.3480-6.0983 33.59 8.81 0.86 5.49
53.3485-5.7002 34.22 6.49 0.60 5.05
53.3487-5.5497 34.19 4.91 0.51 3.73
53.3492-5.9477 34.12 6.68 0.66 4.33
53.3495-5.4002 34.35 4.26 0.46 2.55
53.3497-5.5005 34.18 5.44 0.57 4.18
53.3497-6.0663 33.82 10.72 0.82 7.29
53.3497-6.0015 33.85 8.57 0.78 4.83
53.3498-5.4432 34.25 4.46 0.48 3.40
53.3515-5.8620 34.20 5.60 0.60 4.11
53.3525-5.6015 34.18 5.29 0.51 4.14
53.3945-5.8000 34.19 5.77 0.84 4.56
53.3980-5.6012 34.14 7.74 0.77 4.69
53.3995-5.9493 34.12 5.18 0.69 3.41
53.3998-5.4997 34.14 4.63 0.47 3.83
53.3998-5.5683 34.18 5.08 0.65 3.48
53.3998-6.0018 33.79 9.23 1.23 4.77
53.4000-5.4502 34.17 5.02 0.53 3.78
53.4000-6.0475 33.70 7.79 0.64 5.11
53.4002-5.5443 34.12 6.32 0.60 5.20
53.4012-5.4040 34.16 5.54 0.57 3.93
53.4332-5.5495 34.07 6.29 0.64 4.83
53.4407-6.0502 34.09 7.21 0.66 4.75
53.4475-5.7997 34.15 7.46 0.71 5.54
53.4493-6.0983 33.84 6.51 0.50 3.95
53.4495-5.6998 34.13 7.39 0.76 5.34
53.4495-5.4505 34.10 6.03 0.59 5.02
53.4495-5.3993 34.10 6.77 0.71 5.01
53.4497-5.8990 34.18 7.94 0.77 2.88
53.4497-5.9967 33.82 8.26 0.70 3.82
53.4502-5.5972 34.04 0.90 0.10 5.28
LAT LONG SAL NTRZ PHOS SLCA
53.4503-5.4988 34.09 7.44 0.68 6.10
53.4505-5.9470 34.07 6.97 0.66 3.45
53.4535-5.8577 34.16 5.24 0.55 4.26
53.4875-5.6042 34.06 6.81 0.70 4.01
53.4990-5.9935 34.04 6.51 0.89 6.71
53.5002-5.7997 34.13 9.66 0.75 3.31
53.5002-5.9025 34.17 4.97 0.61 2.44
53.5003-6.0508 34.04 8.14 0.74 6.14
53.5010-6.0785 33.80 10.00 0.78 5.71
53.5335-5.8005 34.09 5.83 0.61 4.04
53.5490-5.8472 34.09 5.78 0.65 3.91
53.5497-5.6973 34.07 7.41 0.69 6.05
53.5497-5.9505 34.17 6.29 0.63 3.60
53.5507-5.9995 34.10 6.69 0.73 4.01
53.5507-6.0497 33.79 12.87 0.69 7.38
53.5995-5.5997 34.06 10.35 0.81 4.36
53.5998-6.0495 33.92 7.27 0.69 3.86
53.5998-5.8013 34.10 7.68 0.68 3.03
53.5998-5.8967 34.16 8.59 0.80 5.39
53.6002-6.1018 33.69 6.78 0.53 4.56
53.6003-6.1295 33.58 10.89 0.78 7.80
53.6022-5.9922 34.14 8.20 0.75 6.09
53.6497-5.9475 34.12 6.10 0.68 4.36
53.6498-5.6993 34.08 7.50 0.73 5.15
53.6500-6.0993 33.70 7.57 0.68 1.67
53.6505-6.1492 33.58 10.48 0.78 6.66
53.6505-6.0492 34.01 8.07 0.70 4.44
53.6508-5.8487 34.12 6.25 0.65 3.08
53.6982-6.1005 33.66 12.87 1.04 2.95
53.6993-5.6008 33.96 7.76 0.61 5.48
53.6998-5.8020 34.13 4.58 0.45 3.63
53.7000-6.1493 33.59 11.54 0.79 1.80
53.7000-6.1972 33.22 8.68 0.65 1.64
53.7010-6.0017 33.17 7.15 0.67 6.08
53.7022-5.9030 34.13 7.35 0.58 5.33
53.7485-6.0483 34.06 7.17 0.64 3.84
53.7490-5.9497 34.11 6.10 0.59 5.30
53.7497-5.6988 34.06 8.19 0.73 1.22
53.7498-6.1015 33.99 9.39 0.79 7.17
53.7502-6.1507 33.85 11.48 0.88 2.42
53.7502-6.2027 33.68 10.24 0.79 3.19
53.7513-5.8498 34.08 6.22 0.68 5.39
53.7977-5.8017 34.12 7.79 0.76 4.44
53.8045-5.5928 33.93 7.14 0.66 4.26
53.8475-6.1993 33.78 7.56 0.67 5.92
53.8485-5.6983 34.07 6.07 0.65 5.44
53.8492-5.9478 34.12 5.26 0.53 5.17
53.8492-6.0487 34.19 9.75 0.64 6.21
53.8495-6.1445 33.98 10.89 0.64 5.75
53.8500-6.1012 34.12 5.95 0.64 5.15
53.8503-5.8498 34.10 7.27 0.70 6.37
53.8708-6.2205 33.18 16.94 0.61 3.52
53.8962-5.9987 34.21 7.26 0.66 6.66
53.8990-5.6022 33.82 7.01 0.64 4.90
53.8990-5.8002 33.92 7.95 0.68 5.96
53.8992-6.1153 34.16 5.40 0.59 5.26
53.8993-6.2490 33.50 5.48 0.90 7.77
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7j (cont.): Nutrients data from the 99/00 sampling year.  All nutrient concentrations in mmole l-1.
Salinity expressed in ‰.  Latitude and longitude in degrees decimal.
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53.8993-6.0380 34.18 6.87 0.66 6.46
LAT LONG SAL NTRZ PHOS SLCA
53.8995-6.1495 33.92 7.37 0.59 5.74
53.8997-5.9000 34.15 8.66 1.12 5.30
53.9002-6.1997 33.73 8.42 0.66 6.11
53.9002-6.2797 33.43 16.79 0.72 8.09
53.9348-6.2795 32.85 15.37 0.80 8.23
53.9485-5.6973 34.03 7.88 0.72 6.32
53.9488-6.1000 34.10 6.94 0.58 5.60
53.9490-5.9968 33.91 9.61 0.70 7.48
53.9490-6.1503 33.93 8.07 0.64 6.35
53.9493-6.2000 33.65 9.63 0.70 7.23
53.9498-6.2485 33.62 9.99 0.74 7.25
53.9500-5.9503 34.19 7.98 0.61 5.31
53.9502-5.8520 33.96 9.44 0.70 5.07
53.9980-5.6010 34.01 7.82 0.70 6.04
53.9997-6.0480 33.31 30.24 1.03 9.60
53.9998-5.8962 34.05 7.22 0.66 5.23
54.0000-5.9470 34.00 8.21 0.72 5.21
54.0000-5.8007 34.03 5.62 0.64 4.40
54.0002-5.8532 34.22 7.33 0.76 5.80
54.0002-6.0047 33.75 8.22 0.59 6.27
54.0277-6.1047 33.53 10.89 0.81 6.68
54.0482-5.7010 34.08 7.47 0.68 5.66
54.0492-5.8525 34.06 8.72 0.67 6.80
54.0493-6.1462 33.09 9.46 0.59 7.05
54.0495-5.8002 34.15 8.05 0.66 6.39
54.0497-5.9008 33.97 12.14 0.69 7.15
54.0498-5.9462 33.86 11.13 0.74 8.18
LAT = latitude  LONG = longitude  SAL = salinity  NTRZ = nitrate + nitrite  PHOS = phosphate  SLCA = silicate
Table 7j (cont.): Nutrients data from the 99/00 sampling year.  All nutrient concentrations in mmole l-1.
Salinity expressed in ‰.  Latitude and longitude in degrees decimal.
